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Abstract: Background: Stent implantation represents the standard of care in coronary interven-
tion. While a short stent implanted on a focal lesion located on the left anterior descending artery
(LAD) seems a reasonable alternative to an internal mammary implant, the same for long stents
is still debated. Methods: We reported the long-term data of 531 consecutive patients who under-
went Percutaneous Coronary Intervention (PCI) with long stents in two highly specialized centres.
The main inclusion criteria were the implantation of stents longer than 30 mm on the LAD and a
minimum follow-up (FU) of five years. The primary endpoint was mortality, and the secondary
endpoints were any myocardial infarction (MI), target vessel and lesion revascularization (TVR and
TLR, respectively), and stent thrombosis (ST) observed as definite, probable, or possible. Results:
In this selected population with characteristics of complex PCI (99.1%), the long-term follow-up
(mean 92.18 ± 35.5 months) estimates of all-cause death, cardiovascular death, and any myocardial
infarction were 18.3%, 10.5%, and 9.3%, respectively. Both all-cause and cardiovascular deaths are
significantly associated with three-vessel disease (HR 6.8; confidence of interval (CI) 95% 3.844–11.934;
p < 0.001, and HR 4.7; CI 95% 2.265–9.835; p < 0.001, respectively). Target lesion (TLR) and target
vessel revascularization (TVR) are associated with the presence of three-lesion disease on the LAD
(HR 3.4; CI 95% 1.984–5.781; p < 0.001; HR 3.9 CI 95% 2.323–6.442; p < 0.001, respectively). Re-PCI for
any cause occurred in 31.5% of patients and shows an increased risk for three-lesion stenting (HR
4.3; CI 95% 2.873–6.376; p < 0.001) and the treatment of bifurcation with two stents (HR 1.6; 95% CI
1.051–2.414; p = 0.028). Stent thrombosis rate at the 5-year FU was 4.4% (1.3% definite; 0.9% probable;
2.1% possible), including a 1.7% rate of very-late thrombosis. The stent length superior to 40 mm
was not associated with poor outcomes (all-cause death p = 0.349; cardiovascular death p = 0.855; MI
p = 0.691; re-PCI p = 0.234; TLR p = 0.805; TVR p = 0.087; ST p = 0.189). Conclusion: At an FU of longer
than five years, patients treated with stents longer than 30 mm in their LAD showed acceptable
procedural results but poor outcomes.
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1. Introduction

Finding the most suitable conditions to apply percutaneous interventions (PCIs) versus
coronary bypass surgery (CABG) is a field in evolution [1].

Of a particularly great importance are lesions located on the left anterior descending
artery (LAD) supplying large myocardial masses [2].

While PCI is practical, effective, and less invasive in most simple lesions, CABG
maintains the leading role as the most appropriate revascularization modality in patients
with more advanced diseases [3].

Special attention is devoted to lesions located on the LAD due to the large myocardium
at risk and the unique value of left internal mammary (LIMA) implantation [4].

The LAD runs on the anterior wall of the heart and its importance is supported by
anatomic studies detailing the coronary artery vascular distribution. Other findings derive
from pathophysiological evidence due to the great impairment in ejection fraction and the
remodelling of the left ventricle following acute myocardial infarction caused by isolated
LAD occlusion [2].

The LAD has a high-enough prognostic value to be called in medical history the
“Vessel of Life” or the “Widow-Maker” for its power to predict a patient’s survival during
myocardial infarction or other cardiovascular adverse events [5].

Stenting long lesions located on the LAD appears to be a safe and effective approach
at short-term follow-ups; nevertheless, open questions persist regarding the long-term
outcomes, including the possibility of future treatment with LIMA implantation [6]. We
cannot dismiss the risk of restenosis considering that the length of the stent implanted is
directly related to the need for reintervention to treat intra-stent restenosis (ISR) [7]. In
some instances, implanting a long stent may come as a solution for a complication requiring
a rapid solution without sufficient commitment to optimization [7].

The relationships between the lesion length, stent length, and long-term outcome
needs to be carefully studied, especially in key vessels such as the LAD.

Although drug-eluting stent (DES) introduction and its evolution significantly reduced
the rate of stent-related complications, the data available on the long term are still poor and
we need further investigations.

2. Methods

In this retrospective registry, we included 501 consecutive patients from two highly
specialised centres, treated in the period from 1 January 2001 until 30 September 2015. The
patients included in this analysis underwent PCI on their LADs requiring a stent longer
than 30 mm. We report the clinical follow-up survey conducted from 5 years onwards.

The survey started with a sample of 16,200 patients undergoing PCI in the period
indicated above. From this initial sample, we carried out a selection based on criteria
relating to the type of lesion and the duration of the FU: PCI performed on the LAD with
stents longer than 30 mm, and FU greater than 5 years. Patients with hard events before
5 years were included and censored. Therefore, we reached a sample of 802 patients,
4.95% of the initial sample. and with these patients, we worked to accomplish a proper
FU of 66.2%, achieving a final population of 531 patients (see patient inclusion flowchart
below). The categorical variable “hyperlipidemia” was obtained from medical records
according to the NCEP ATP III definition. The characteristics of complex PCI were analysed
in subgroups [8].

The endpoint of the study was to evaluate the mortality outcomes, all-cause and
cardiovascular death, and the ischemic events, such as myocardial infarction, repeat revas-
cularization, TLR, TVR, and stent thrombosis, at a follow-up of longer than 5 years.
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This study was conducted according to the principles expressed in the Declaration of
Helsinki; all of the participants expressed oral informed consent. The study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guidelines for cohort studies [9].

Statistical Analysis

The baseline characteristics of the patients were represented as mean values with stan-
dard deviation (sd) and percentages. We performed multiple linear and logistic regression
analyses to highlight potential clinical and procedural findings. Using a Kaplan–Meier
survival analysis and Cox regression analysis, the occurrence of all-cause and cardiovascu-
lar death was also estimated as the risk of revascularization. Statistical significance was
defined as 2-tailed p < 0.05. All statistical analyses were computed using the SPSS v.22
(IBM® SPSS® Statistics, 1 New Orchard Road Armonk, New York, NY, USA).

3. Results

Five-hundred and thirty-one patients underwent PCI and the implantation of stents
longer than 30 mm (Figure 1), with a FU longer than 60 months (5 years). The baseline
characteristics are summarized in Table 1.
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Figure 1. Patient inclusion flowchart for our study.

Procedural success was achieved in all of the procedures with implantations of stents
longer than 30 mm; no intra-procedural deaths occurred. Patients who had died due to
clinical events in the period before the 5 years of follow-up as a cut-off were included
to collect mortality data. In terms of complications, three intra-procedural perforations
occurred, and they were treated with long balloon inflation [2] or with a covered stent [1];
one acute vessel occlusion was treated with IIB/IIIA infusion and thrombus aspiration
(Table 2).
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Table 1. Baseline characteristics.

Male Sex (Total [%]) 447/531 (84.3)
Mean Age, y 66 ± 11
Weight, kg 80 ± 58
Height, cm 166.5 ± 8.8
BMI, kg/m2 28.7 ± 18
Hypertension (%) 322/531 (60.6)
Diabetes (%)—on Insulin 140/531 (25.5)–39/531 (6.9)
Hyperlipidaemia (%) 330/531 (63.2)
Prior CABG (%)/Prior PCI (no LAD) (%) 61/531 (11.5)/202/531 (38)
Peripheral Vascular Disease (%) 44/531 (8.3)
Previous MI (%) 223/531 (42)
Stable Angina (%) 391/531 (73.7)
Unstable Angina (%) 9/531 (1.6)
STEMI/NSTEMI (%) 132/531 (24.8)

Table 2. Angiographic and procedural characteristics.

Mean Stent Length, n ± sd 41.5 ± 12.8 mm
Median stent length, mm 36
Minimal stent length, mm 31
Maximal stent length, mm 110

Mode stent length, mm 33
Mean stent diameter, mm ± sd 3.09 ± 0.37

LAD ostial-proximal, n (%) 189 (36)
Complex PCI features (ref. [8]), n (%) 512/531 (96.4)

3 Lesions, n (%) 256 (48.2)
3 Vessels, n (%) 167 (31.4)

CTO, n (%) 106 (20)
Bifurcation (2 stents), n (%) 128 (24.1)

Atherectomy, n (%) 40 (3.2)
Cutting balloon, n (%) 40 (7.5)

IVUS/OCT, n (%) 225 (42.3)
ACC/AHA C, n (%) 387 (72.8)
ACC/AHA B2, n (%) 134 (25.2)
ACC/AHA B1, n (%) 10 (1.9)

Post-dilatation on all stents, n (%) 255 (48)
Post-dilatation pressure > 19 atm 70 (20.1)

Perforation, n (%) 4 (0.7)
Acute vessel occlusion, n (%) 1 (0.2)

IABP, n (%) 41 (8)
Intra-hospital MI, n (%) 79 (15)

The living patients were included in the study if they reached a minimum FU of
60 months (5 years). The clinical FU achieved a median of 92.18 ± 35.5 months. An-
giographic FU was performed in 45.5% of the patients giving information about repeat
revascularization (seven definite cases of stent thrombosis). During the FU, 97 patients
died (18.3%), and among them, 56 (10.5%) died of cardiovascular disease. The data on the
FUs and their outcome characteristics are shown in Table 3.

The rates of any incidences of MI, TLR, TVR, and repeat-revascularization were 9.3%,
14.5%, 16.9%, and 31.5%, respectively.

No statistically significant associations were found through the univariate and multi-
variate analyses combining the patients’ baseline and procedural characteristics with the
outcomes.

Several statistical combinations, using Kaplan–Meier and Cox regression analyses,
were performed in an attempt to identify a possible correlation between the baseline
procedural features and technical-clinical outcomes. In Table 4, below, we summarize the
statistically significant correlations.
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Table 3. Long-term FU (at least 5 years/60 months after PCI) and outcome characteristics.

Mean FU Length, n ± sd 92.18 ± 35.5 Months
Median of FU length 89 months

Patients after 5 years/60 months, n (%) 531 (100)
Patients after 7.5 years/90 months, n (%) 245 (46.1)
Patients after 10 years/120 months, n (%) 82 (15.4)

Stop DAPT from PCI average time 28.4 ± 33 months (median 11 months)
Patients on DAPT at clinical FU, n (%) 225 (42.4)

Death (all-cause), n (%) 97/531 (18.3)
CV * death, n (%) 56/531 (10.5)

Non-CV * death, n (%) 41/531 (7.7)
Any MI *, n (%) 49/531 (9.3)

TLR *, n (%) 77/531 (14.5)
TVR *, n (%) 90/531 (16.9)

Any re-PCI, n (%) 167/531 (31.4)
In-stent thrombosis, n (%) 23/531 (4.3)

acute stent thrombosis, n (%) 1 (0.2) (1 probable)
Sub-acute stent thrombosis, n (%) 3 (0.6) (3 possible)

Late stent thrombosis, n (%) 6 (1.1) (2 definite; 1 probable; 3 possible)
Very-late stent thrombosis, n (%) 9 (1.7) (5 definite; 1 probable; 7 possible)
Definite stent thrombosis, n (%) 7 (1.3)
Probable stent thrombosis, n (%) 5 (0.9)
Possible stent thrombosis, n (%) 11 (2)

Angiographic FU, n (%) 237/531 (45.5)
Angiographic FU average time 16.5 ± 22.7
Angiographic FU median time 8

* Abbreviations: CV = cardiovascular; MI = myocardial infarction; TLR = target lesion revascularization;
TVR = target vessel revascularization.

Table 4. Statistically significant findings in the outcome investigations.

All-Cause Death Statistical Correlation

3 Vessels HR 6.8; CI 95% 3.844–11.934; p < 0.001
CV Death
3 Vessels HR 4.7; CI 95% 2.265–9.835; p < 0.001

Any Re-PCI
3 Lesions HR 4.3; CI * 95% 2.873–6.376; p < 0.001

Bifurcation HR 1.6; CI * 95% 1.051–2.414; p = 0.028
TLR

3 Lesions RR 3.4; CI * 95% 1.984–5.781; p < 0.001
TVR

3 Lesions HR 3. 9; CI * 95% 2.323–6.442; p < 0.001
* CI: Confidence Interval.

The long-term follow-up surveys (mean 92.18 ± 35.5 months) showed a rate of all-
cause death of 18.3% and of cardiovascular death of 10.5%. We found a statistically
significant association between these results and those of three-vessel disease (HR 6.8;
confidence of interval (CI) 95% 3.844–11.934; p < 0.001, and HR 4.7; CI 95% 2.265–9.835;
p < 0.001, for all-cause death and cardiovascular death, respectively).

The myocardial infarction rate is 9.3% and it was not significantly related to any
procedural or angiographic characteristics (Tables 5 and 6). On the contrary, the three-lesion
disease represented a risk factor for TLR and TVR (HR 3.4; CI 95% 1.984–5.781; p < 0.001;
HR 3.9 CI 95% 2.323–6.442; p < 0.001, respectively).
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Table 5. Stent Length.

Outcomes Inferior or Equal to 40 mm
366/531

Superior to 40 mm
165/531 Statistic

All-cause death 63/366 (17.3%) 34/165 (20.6%) p = 0.349
Cardiovascular death 38/366 (10.4%) 18/165 (10.9%) p = 0.855

MI 35/366 (9.5%) 14/165 (8.5%) p = 0.691
Re-PCI 121/366 (33%) 46/165 (27.8%) p = 0.234

TLR 54/366 (14.7%) 23/165 (13.9%) p = 0.805
TVR 69/366 (18.8%) 21/165 (12.7%) p = 0.087

Stent thrombosis 13/366 (3.6%) 10/165 (6%) p = 0.189

Table 6. Three lesions treated on LADs.

Outcomes Less Than 3
275/531

3 or More
256/531 Statistic

All-cause death 63/275 (22.9%) 34/256 (13.3%) p = 0.146
Cardiovascular death 29/275 (10.5%) 27/256 (10.5%) p = 0.250

MI 21/275 (7.6%) 18/256 (7%) p = 0.092
Re-PCI 47/275 (17%) 120/256 (46.8%) p < 0.001

TLR 21/275 (7.6%) 56/256 (14.3%) p < 0.001
TVR 23/275 (8.3%) 67/256 (17.1%) p < 0.001

Stent thrombosis 13/275 (4.7%) 10/256 (3.9%) p = 0.642

Repeat revascularization (re-PCI) for any cause occurred in 31.4% of patients and shows
an increased risk for the presence of three lesions (HR 4.3; CI 95% 2.873–6.376; p < 0.001) and
the treatment of bifurcation treated with two stents (HR 1.6; 95% CI 1.051–2.414; p = 0.028).

The stent thrombosis rate at the 5-year FU was 4.4% (seven definite; five probable;
eleven possible), including a 1.7% rate of very-late thrombosis, without any significant
correlation to procedural characteristics.

We also investigated several ranges of stent lengths; in all of them, there were differ-
ences in mortality. We summarize the outcomes for the cut-off length of 40 mm in Table 5,
comparing the population exposed and represented in the Kaplan–Meier survival curves
in the central image (Graphic abstract).

The different segments of the LAD (proximal, mid, and distal) did not show any
considerable correlations for the outcomes explored.

The presence of three lesions on the LAD as a marker of a long and diffuse disease
showed a statistically significant increase in TLR risk (HR 3.4; CI 95% 1.984–5.781; p < 0.001),
TVR (HR 3.9 CI 95% 2.323–6.442; p < 0.001) and re-PCI rate (HR 4.3; CI 95% 2.873–6.376;
p < 0.001) (Table 6).

Furthermore, the re-PCI was significantly associated with the bifurcation treatment
with two stents (HR 1.6; 95% CI 1.051–2.414; p = 0.028).

Finally, the rate of ST in our study was 4.3%, including acute ST (0.2%), sub-acute
ST (0.6%), late ST (1.1%), and very-late ST (1.7%). Thanks to several angiographic FUs
and a proper clinical FU, we could distinguish the definite ST (1.3%), probable ST (0.9%),
and possible ST (2%). The ST was not statistically related to the procedural characteristics
highlighted in the study (Tables 5 and 6).

Sensitivity Analysis on the Predictive Value of Missing Data

In consideration of the unexpected amount of patients lost at the FU (LFU), we
performed a comparison analysis (Supplementary Materials) between the patients who
accomplished long-term FUs (AFUs) and the LFU group; investigating the baseline and
procedural characteristics revealed an equally high prevalence of male patients, with
84.3% vs. 85.6% (p = 0.775), respectively, in the AFU and LSU groups. The ages were
significantly higher in the AFU group, with a mean age of 66 ± 11 vs. 63 ± 12.2 years old
in the LFU group. Our comparison of the cases of hypertension, diabetes (with or without
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insulin therapy), hyperlipidemia, peripheral vascular disease, previous MI, CABG, left
ventricle ejection fraction (LVEF), and the incidences of acute coronary syndromes did not
show statistically significant differences (Supplementary Table S1). Among the baseline
characteristics, re-PCI was performed in 38% of the AFU patients vs. 28.4% of the LFU
group (p = 0.007).

Regarding the procedural data, the mean stent length (41.55 ± 12.8 mm in the AFU
group vs. 39.97 ± 12 mm in the LFU group) and the mean stent diameter (3.09 ± 0.37 vs.
3.14 ± 0.38; p = 0.080) were similar in the two groups. No differences occurred between the
two populations in relation to the prevalence of LAD ostial-proximal lesions, three-vessel
disease, CTO, atherectomy, cutting balloon, IVUS/OCT use, perforation, IABP appliance,
and intra-hospital MI.

The complex PCI was mostly represented in the AFU group (96.4% compared to 88.6%
of the LFU group, p < 0.001), led by the three-lesion feature, the treatment of bifurcation
with two stents, and the lesion type C (ACC/AHA classification). Finally, the percentage of
post-dilatation performed on all of the stents implanted was 48% in the AFU vs. 63% in the
LFU group (p < 0.001).

4. Discussion

The treatment of long and diffuse coronary lesions with percutaneous coronary inter-
vention (PCI) has been problematic since the era of plain balloon angioplasty.

Diffuse lung lesions comprise more than 20% of contemporary clinical PCI practices
and are a major determinant of unfavourable clinical outcomes.

Lesion length has been proven to be a factor related to higher rates of restenosis and
TLR, and this risk is further increased by the multiplicity of implanted stents.

Even with DESs, diffuse diseases and long lesions are still associated with an increased
risk of restenosis and the need for TLR and MACE.

However, there are limited data on the relative efficacy and safety of long-stented
lesions and data on medium–long-term follow-ups are limited. Such information may have
important clinical implications to help physicians select the optimal type of revasculariza-
tion strategy, stenting modality, and follow-up strategies.

The long FU time of our multicentre, retrospective, observational, non-randomized
study and the rigorous selection of our sample revealed considerable findings regarding
the outcome of LAD treatment using long and very-long stents.

The overall mortality at a mean follow-up of longer than 90 months was 18.3%, while
cardiovascular mortality was 10.5%; yet the demographic characteristics did not describe a
population at severe risk. Less than one-third of the population was affected by diabetes,
and the same rate applied for acute coronary syndrome.

The presence of complex angiographic characteristics contributed to the high rate of
repeat revascularization (31.4%) and this is a peculiar finding of this study.

The limited use of physiology to evaluate lesions could explain the relatively high
implantation rate of two stents in bifurcation lesions [10]. The high percentage of patients
with DAPT could be more proof of the high ischemic risk of this population with diffuse
atherosclerotic disease. Moreover, during the clinical FU, major bleeding events were
rare and the DAPT was usually stopped after one year (mean 28.4 ± 33 months, median
11 months). It is probable that, in complex PCI, this standard DAPT interruption timing
could be not optimal and could participate to a higher rate of re-PCI, instead of a longer
and tailored regimen.

The stents used in our study were a mix of first-generation and basic-feature stents
(BMSs, DESs, BVSs). More than 90% of the stents implanted were DESs, and 60% of them
belonged to the second or the last DES generation. This could explain the good patency
in the long term, even in this long stent setting, compared with the study on BMSs and
first-generation DESs. A major long-term concern regarding DESs is the potential for stent
thrombosis, which is increased after complex procedures involving the implantation of
longer, multiple, and/or overlapping stents.
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Our rate of repeat revascularization (31.4%) was slightly higher compared to the
PCI results in the SYNTAX study at 5 years (25.9%); but, potentially, the PCI technical
complexity of our study could lead to this difference (Table 7). At the same time, the MI
incidence was similar to our PCI data (9.3% vs. 10.1% in the SYNTAX) [11,12]. Interestingly,
in this comparison, we found a similar demographic risk profile concerning the population
characteristics: around 20-25% were diabetics, 80% were male, and the average age was
66 in our study vs. 65 years old in the SYNTAX. However, even if we tried to correlate
the high rate of re-PCI in our data to the clear angiographic complexity, the incidence of
mortality does not follow this hypothesis, showing a low rate in the intermediate score that
we could not compare due to the high technical patient selection of this registry.

Table 7. Comparison of our outcomes with those of the SYNTAX study.

Overall
Mortality

* CV
Mortality MI * Re-Revasc. ST

Def–Prob TLR TVR

Our whole
population 97/531 (18.3) 56/531

(10.5)
49/531

(9.3)
167/531

(31.4)
12/531

(1.2)
77/531
(14.5) 90/531 (16.9)

Stent length
30–40

63/366
(17.3)

38/366
(10.4) 35/366 (9.5) 121/366 (33) 5/366 (1.4) 54/366 (14.7) 69/366 (18.8)

Stent length >
40 mm 34/165 (20.6) 18/165 (10.9) 14/165 (8.5) 46/165 (27.8) 7/165 (4.2) 23/165 (13.9) 21/165 (12.7)

SYNTAX
study,

intermediate
score

42/310 (13.8) 26/310 (8.8) 33/310 (11.2) 70/310 (24.1)

47/708 (6.6)
SYNTAX

study, high
score

55/290 (19.2) 38/290 (13.6) 28/290 (10.1) 83/290 (30.9)

Numbers illustrated as n/total (%). * CV = cardiovascular; Re-Revasc = repeat revascularization; MI = myocardial
infarction; ST Def–Prob = stent thrombosis, definite/probable.

Due to the considerable number of LFU patients, we compared this group with the
study population in terms of baseline and procedural characteristics, investigating this
potential bias through the predictors of poor outcomes.

This comparison highlighted a theoretically lower risk of poor events for the LFU
group through a statistically significant difference in several baseline and procedural risk
factors correlations. Indeed, the well-followed population showed a high prevalence of old
age, previous PCI revascularizations, complex PCIs, three-lesion disease PCIs, bifurcations
treated with two stents, lesions of type C, and the use of IABP. On the other hand, the group
without FUs presented, as a speculative advantage, a high number of post-dilatation for all
stents implanted, which should guarantee better stent apposition and fewer complications.
The only discordant item in this disadvantageous trend for the main study population was
a higher number of acute vessel occlusions. This mere speculation could be interpreted
as justification and support for our data. The size of the LFU group, which departed
moderately from the 25% used in similar very long-term studies, should characterize the
least-possible outcome modifications. Of course, we could not determine the impact of the
lost patients’ information, but we created a scenario of the expected results considering all
the sample data available.

Although our study did not show the possible correlations with poor outcomes, our
thoughts had to move with an educated and aware use of this extraordinary tool to assure
the best treatment at the very-long FU.

Lesion length is still a convenient parameter for making clinical decisions and predict-
ing outcomes, and it is reasonable that long stent implantation is more prone to lead to
stent under-expansion, malposition, restenosis, and stent thrombosis [13]. However, lesion
length per se—instead of being a true underlying reason for the higher ISR rate in the DES
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group—might merely be a surrogate for many other factors, such as the severity of disease,
flow reserve, local inflammation, or lesion complexity. From this perspective, lesion length,
even if associated with MACE-free survival, must always be contextualized according to
the clinical complexity of the patient. In fact, in our results, it is not stent length that is
associated with CV death but three-vessel disease, above all (see Table 4).

Our findings also reflect a non-contemporary era of PCI that is characterized by
minimalist stent implantation techniques through physiology and imaging. The pharmaco-
logical background in terms of antiplatelet, hypolipidemic therapy and the treatment of
hyperglycaemia is also constantly evolving with expected better outcomes [14,15].

5. Limitations

The present study had several limitations. Its major limitation is represented by the
patients lost at the FU stage, which is 33.8%. We nevertheless tried to better understand the
eventual impact of this population, comparing their characteristics with the followed-up
patients.

Furthermore, this was an observational study and inevitably presented limitations in
relation to its retrospective design. Although the commitment of the authors to limiting the
multiple and natural confounding factors, we had to recognize that they still could have
affected the study.

However, most of the limitations derived from the challenging patient selection; this
study is the first real-world research, in our knowledge, to present results according to
these procedural features of long stenting (30 mm inclusion criteria and investigation for
the range of 40, 50, and 60 mm) at very long-term FUs.

Because of its observational nature, this study had to be considered as only a hypothesis-
generating study, and the present findings need to be confirmed in larger and eventually
prospective studies.

The population examined will also be subject to further follow-up to confirm the
results even at a follow-up of longer than 5 years.

6. Conclusions

Patients adequately treated on their LAD with stents longer than 30 mm had acceptable
clinical and procedural outcomes with an FU of longer than 5 years.

The higher risk seemed to be related to diffuse and multivessel diseases. It is our
responsibility to improve, with passion, the treatment of percutaneous revascularization
via the most innovative and physiological approach.
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Author Contributions: Conceptualization, A.S. (Alessandro Sticchi), M.F., A.C. (Alberto Cereda), M.T.
and F.G. (Francesco Gallo); Methodology, A.S. (Alessandro Sticchi), M.F. and A.L.; Formal analysis,
A.A.K.; Data curation, C.T., A.S. (Alessandra Scoccia) and F.G. (Francesco Grigioni); Writing—original
draft, A.S. (Alessandro Sticchi); Writing—review & editing, A.A.K., A.C. (Alberto Cereda), M.T., F.G.
(Francesco Gallo), A.L., A.M. and F.G. (Francesco Giannini); Visualization, A.M., F.G. (Francesco
Grigioni), F.G. (Francesco Giannini) and A.C. (Antonio Colombo); Supervision, G.P.U., F.G. (Francesco
Giannini) and A.C. (Antonio Colombo). All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and it was conducted according to the local Ethics Committee regulation.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Not available due to privacy policy of the institutions involved.

https://www.mdpi.com/article/10.3390/jcm13010210/s1
https://www.mdpi.com/article/10.3390/jcm13010210/s1


J. Clin. Med. 2024, 13, 210 10 of 10

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

Follow-up (FU); percutaneous coronary intervention (PCI); left anterior descending artery (LAD);
follow-up (FU); myocardial infarction (MI); target vessel revascularization (TVR); target lesion revas-
cularization (TLR); repeat percutaneous coronary intervention (re-PCI); stent thrombosis (ST); hazard
ration (HR); confidence of interval (CI); coronary bypass surgery (CABG); left internal mammary
(LIMA); left ventricle ejection fraction (LVEF); coronary total occlusion; intra-stent restenosis (ISR);
standard deviation (sd); lost at FU (LFU); accomplished long-term FU (AFU); bare metal stent (BMS);
drug-eluting stent (DES); bioresorbable vascular stent (BVS).

References
1. Park, S.J.; Lee, C.W. Coronary artery disease: Risk models for revascularization—The search continues. Nat. Rev. Cardiol. 2012, 9,

316–318. [CrossRef]
2. Passamani, E.; Davis, K.B.; Gillespie, M.J.; Killip, T.S. A Randomized Trial of Coronary Artery Bypass Surgery: Survival of

Patients with a Low Ejection Fraction. N. Engl. J. Med. 1985, 312, 1665–1671. [CrossRef]
3. Head, S.J.; Milojevic, M.; Daemen, J.; Ahn, J.-M.; Boersma, E.; Christiansen, E.H.; Domanski, M.J.; Farkouh, M.E.; Flather, M.;

Fuster, V.; et al. Mortality after coronary artery bypass grafting versus percutaneous coronary intervention with stenting for
coronary artery disease: A pooled analysis of individual patient data. Lancet 2018, 391, 939–948. [CrossRef] [PubMed]

4. Abbate, A.; Vetrovec, G.W. Left Anterior Descending Coronary Artery Revascularization. Patient-Tailored Therapy? JACC
Cardiovasc. Interv. 2008, 1, 492–493. [CrossRef]

5. Ilia, R.; Weinstein, J.M.; Wolak, A.; Gilutz, H.; Cafri, C. Length of left anterior descending coronary artery determines prognosis in
acute anterior wall myocardial infarction. Catheter. Cardiovasc. Interv. 2014, 84, 316–320. [CrossRef] [PubMed]

6. Joner, M.; Finn, A.V.; Farb, A.; Mont, E.K.; Kolodgie, F.D.; Ladich, E.; Kutys, R.; Skorija, K.; Gold, H.K.; Virmani, R. Pathology of
Drug-Eluting Stents in Humans Delayed Healing and Late Thrombotic Risk. J. Am. Coll. Cardiol. 2006, 48, 193–202. [CrossRef]
[PubMed]

7. Lee, C.W.; Park, S.J. Stent length and outcomes after drug-eluting stent placement: Time to redefine long lesions. Coron. Artery
Dis. 2017, 28, 452–453. [CrossRef] [PubMed]

8. Giustino, G.; Chieffo, A.; Palmerini, T.; Valgimigli, M.; Feres, F.; Abizaid, A.; Costa, R.A.; Hong, M.K.; Kim, B.K.; Jang, Y.; et al.
Efficacy and Safety of Dual Antiplatelet Therapy After Complex PCI. J. Am. Coll. Cardiol. 2016, 68, 1851–1864. [CrossRef]
[PubMed]

9. Von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gøtzsche, P.C.; Vandenbroucke, J.P.; STROBE Initiative. Strengthening the
reporting of observational studies in epidemiology (STROBE) statement: Guidelines for reporting observational studies. BMJ
2007, 335, 806–808. [CrossRef] [PubMed]

10. Koo, B.-K.; Park, K.-W.; Kang, H.-J.; Cho, Y.-S.; Chung, W.-Y.; Youn, T.-J.; Chae, I.-H.; Choi, D.-J.; Tahk, S.-J.; Oh, B.-H.; et al.
Physiological evaluation of the provisional side-branch intervention strategy for bifurcation lesions using fractional flow reserve.
Eur. Heart J. 2008, 29, 726–732. [CrossRef]

11. Mohr, F.W.; Morice, M.-C.; Kappetein, A.P.; EFeldman, T.; Ståhle, E.; Colombo, A.; Mack, M.J.; Holmes, D.R.; Morel, M.-A.; Van
Dyck, N.; et al. Coronary artery bypass graft surgery versus percutaneous coronary intervention in patients with three-vessel
disease and left main coronary disease: 5-year follow-up of the randomised, clinical SYNTAX trial. Lancet 2013, 381, 629–638.
[CrossRef] [PubMed]

12. Davierwala, P.; Mohr, F.W. Five years after the SYNTAX trial: What have we learnt? Eur. J. Cardio-Thorac. Surg. 2013, 44, 1–3.
[CrossRef] [PubMed]

13. Chang, S.-H.; Chen, C.-C.; Hsieh, M.-J.; Wang, C.-Y.; Lee, C.-H.; Hsieh, I.-C. Lesion Length Impacts Long Term Outcomes of
Drug-Eluting Stents and Bare Metal Stents Differently. PLoS ONE 2013, 8, e53207. [CrossRef]

14. Räber, L.; Jüni, P.; Löffel, L.; Wandel, S.; Cook, S.; Wenaweser, P.; Togni, M.; Vogel, R.; Seiler, C.; Eberli, F.; et al. Impact of stent
overlap on angiographic and long-term clinical outcome in patients undergoing drug-eluting stent implantation. J. Am. Coll
Cardiol. 2010, 55, 1178–1188. [CrossRef] [PubMed]

15. Guagliumi, G.; Shimamura, K.; Sirbu, V.; Garbo, R.; Boccuzzi, G.; Vassileva, A.; Valsecchi, O.; Fiocca, L.; Canova, P.; Colombo,
F.; et al. Temporal course of vascular healing and neoatherosclerosis after implantation of durable- or biodegradable-polymer
drug-eluting stents. Eur. Heart J. 2018, 39, 2448–2456. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/nrcardio.2012.57
https://doi.org/10.1056/NEJM198506273122603
https://doi.org/10.1016/S0140-6736(18)30423-9
https://www.ncbi.nlm.nih.gov/pubmed/29478841
https://doi.org/10.1016/j.jcin.2008.08.012
https://doi.org/10.1002/ccd.24979
https://www.ncbi.nlm.nih.gov/pubmed/23625458
https://doi.org/10.1016/j.jacc.2006.03.042
https://www.ncbi.nlm.nih.gov/pubmed/16814667
https://doi.org/10.1097/MCA.0000000000000493
https://www.ncbi.nlm.nih.gov/pubmed/28379856
https://doi.org/10.1016/j.jacc.2016.07.760
https://www.ncbi.nlm.nih.gov/pubmed/27595509
https://doi.org/10.1136/bmj.39335.541782.AD
https://www.ncbi.nlm.nih.gov/pubmed/17947786
https://doi.org/10.1093/eurheartj/ehn045
https://doi.org/10.1016/S0140-6736(13)60141-5
https://www.ncbi.nlm.nih.gov/pubmed/23439102
https://doi.org/10.1093/ejcts/ezt267
https://www.ncbi.nlm.nih.gov/pubmed/23674655
https://doi.org/10.1371/journal.pone.0053207
https://doi.org/10.1016/j.jacc.2009.11.052
https://www.ncbi.nlm.nih.gov/pubmed/20298923
https://doi.org/10.1093/eurheartj/ehy273
https://www.ncbi.nlm.nih.gov/pubmed/29788263

	Introduction 
	Methods 
	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

