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Abstract: Background and Objectives: Our study aimed to reveal the effect of using 4 mm bare-metal
stents (BMS), 4 mm drug-eluting stents (DES), or 3 mm DES with 4 mm diameter balloon post-
dilation strategies on long-term clinical outcomes and endpoints for large-diameter coronary artery
percutaneous coronary intervention (PCI). Materials and Methods: In our study, patients who had
undergone PCI were retrospectively screened between January 2014 and July 2020. The study
included 350 patients and was divided into three groups; Group I (n = 134) included patients
with direct 4.0 mm BMS implantation, Group II (n = 109) included patients with direct 4.0 DES
implantation, and Group III (n = 107) included patients with 4mm NC post-dilatation after 3 mm
DES implantation. Primary endpoints were determined as target lesion revascularisation, cardiac
mortality, and myocardial infarction associated with the target vessel. Our secondary endpoint was
all-cause mortality. Results: No differences were observed between the groups in terms of the baseline
variables. Stent length was the highest in Group II and the shortest in Group III. There were no
significant differences between the groups regarding major adverse cardiovascular events (MACE).
Conclusions: Our study suggests that in percutaneous coronary interventions for non-complex lesions,
there is no significant difference in MACE outcomes when directly implanting a 4 mm diameter DES,
a 4 mm diameter BMS, or a 3 mm diameter DES, followed by post-dilation with an appropriately
sized NC balloon when the target vessel diameter is in the range of 4 to 4.4 mm.

Keywords: coronary artery disease; percutaneous coronary intervention; long-term outcomes

1. Introduction

In the realm of percutaneous coronary interventions, the evolution from bare-metal
stents (BMS) to drug-eluting stents (DES) marked a significant milestone by substantially
reducing in-stent restenosis rates. This advantage is particularly pronounced in treating
lesions less than 3 mm in diameter or exceeding 15 mm in length, establishing DES as the
preferred option in such cases [1–3]. Consequently, contemporary guidelines, including
those from the National Institute for Health and Clinical Excellence (NICE), advocate for
DES usage in coronary arteries smaller than 3 mm or for lesions longer than 15 mm [1–4].
However, for larger coronary arteries—with diameters exceeding 3 mm—the comparative
efficacy of DES over BMS remains ambiguously defined in current literature. Despite recent
guidelines universally recommending DES for all lesion types, debates persist regarding
their superiority in larger vessels [1–9].

Our study introduces a novel perspective by focusing on a cohort rarely emphasised
in existing research: patients with large coronary arteries undergoing stent implantation.
Specifically, we retrospectively analysed stenting procedures conducted in our clinic over
the past six years, focusing on patients who received a 4 mm diameter BMS, a 4 mm
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diameter DES, or a 3 mm diameter DES followed by a 4 mm non-compliant balloon
post-dilation. This unique approach allows us to shed light on the long-term clinical
outcomes of stent type and diameter selection in large coronary arteries, an area that
remains underexplored in current guidelines and literature. By doing so, we aim to bridge a
critical gap in our understanding of optimal stent choice and deployment strategy, thereby
informing future guidelines and clinical practice in the treatment of coronary artery disease.

2. Materials and Methods
2.1. Study Population

In our study, 7199 patients in total who underwent PCI between January 2014 and July
2020 at Ondokuz Mayis University, Faculty of Medicine, Department of Catheterization
Laboratory were screened. A total of 546 patients who had a 4 mm diameter BMS, a
4 mm diameter DES, or a 3 mm diameter DES with a 4 mm NC post-dilatation were
selected among these patients. Among these patients, the patients in which the stent was
expanded to a diameter of 4.0–4.4 mm were included in the study. A total of 196 patients
were excluded from the study since 37 patients had cardiogenic shock, 94 patients had
bifurcation, CTO, LMCA, and multiple stent interventions, 34 patients had not received
the planned antiplatelet treatment, 7 patients had less than six months follow-up, and the
information of 31 patients could not be obtained. The study covered a total of 343 patients
with the following characteristics: patients who had a 4.0 mm diameter BMS (n = 134,
Group I), patients who had a 4 mm diameter DES (n = 104, Group II), and patients who
had a 3 mm diameter DES and who underwent a 4 mm diameter NC balloon post-dilation
(n = 105, Group III) (Figure 1). The post-dilatation strategy using a 3 mm DES and a 4 mm
non-compliant balloon applied to vessels with a diameter above 3 mm was not reimbursable
according to the health practice regulation performed in our country. In patients for whom
a 4.0 mm DES was preferred, the cost of stent was covered by the patient. The 4 mm
diameter BMS used in our study were Ephesus-2 stents produced by the Alvimedica
company. Twenty-two of the 4 mm diameter DES (20%) were Evorolimus-eluting stents
produced by the Boston company, and eighty-five (80%) were Evorolimus-eluting stents
produced by the Abbott company. Twenty-three of the 3 mm diameter DES (21%) were
Evorolimus-eluting stents produced by the Boston company, and eighty-six (79%) were
Evorolimus-eluting stents produced by Abbott company.

The following exclusion criteria were determined: bifurcation interventions, CTR
interventions, multiple stent interventions, cases with stent expansion above 4.4 mm with
high pressure during post-dilation, patients who underwent post-dilation with a balloon of
4.5 mm or more, inappropriate pre-medications, not receiving anti-platelet therapy within
the recommended time for any reason, the presence of cardiogenic shock, and the use of
3.5 mm diameter stents.

Information related to the characteristics of the patients and the procedure was ob-
tained from hospital records via the e-pulse system or by contacting patients over the phone.
The mortality information for the patients was accessed using the death notification system
of the Ministry of Health and by contacting the relatives of the patients over the phone. The
study was approved by the ethics committee of the Faculty of Medicine, Ondokuz Mayis
University (No: 2020/359), and adhered to the Declaration of Helsinki (2013 version).

Basal demographic characteristics, age, gender, diabetes mellitus as a risk factor,
hypertension, cigarette use, family history, previous myocardial infarction, coronary artery
bypass graft, and history of previous percutaneous coronary intervention were obtained
by scanning the data records. Also, laboratory values were retrospectively scanned, and
creatinine, haemoglobin, LDL cholesterol values, and echocardiographic left ventricular
ejection fraction (LVEF) values were obtained. Before or after the procedure, these data
were recorded as the values observed during patients’ hospital stay.
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Figure 1. Patient selection and grouping flow chart.

2.2. Angiographic Analysis

The locations and characteristics of the lesions (the vessel where the lesion was located,
whether there was CTR, whether there was bifurcation, whether multiple stenting was
performed) were examined by accessing the angiographic records of the patients. Before
or during the procedure, all the patients’ pre-medications were recorded. The diameter,
length, and type of the stent applied to the patients were selected according to the operator’s
decision. As an arterial approach to the patients enrolled in the study, angiography was
performed with femoral or radial routes. Although pre-dilatation and post-dilatation were
optional, post-dilatation was performed in all patients in Group III.

2.3. Definitions

Target-vessel revascularisation (TVR) was defined as a requirement of PCI or CABG,
again along the entire vessel in the proximal and distal part of the target lesion.

MI associated with the target vessel was defined as the acute coronary syndrome
associated with the proximal or distal part of the target lesion.
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Target lesion revascularisation (TLR) was defined as the requirement of PCI or CABG
due to restenosis or thrombosis covering the 5 mm proximal part or 5 mm distal part of the
target lesion.

Stent thrombosis was defined as the formation of clots in the stent after stent insertion.
It was classified as acute (first 24 hours after insertion of the stent into the vessel), early
(first month), late (first year) or very late (after one year). Definite stent thrombosis is an
angiographically or pathologically verified thrombosis, and in our study, definite stent
thrombosis was examined [1–10].

Major haemorrhage was defined as bleeding that required three units or more of blood
transfusions in 24 h [8–10].

2.4. Statistical Analysis

Statistical analyses were carried out using IBM SPSS V21. (SPSS Inc., Chicago, IL, USA)
The normality distributions of quantitative data were performed using the Kolmogorov–
Smirnov test. In order to compare the data that meets the normal distribution, the ANOVA
test was used, and in order to compare the data that did not suggest a normal distribution,
the Kruskal–Wallis test was used. Pearson’s chi-square test was applied to compare qualita-
tive data. Survival analyses were performed using the Kaplan–Meier test. The data were
presented as n (%), mean ± standard deviation and median (minimum–maximum). The
statistical significance value was accepted as p < 0.05.

3. Results

When the basal demographic characteristics of the patients were examined, there
was no distinction among the groups in terms of age, gender, diabetes mellitus as a risk
factor, hypertension, cigarette use, family history, prior myocardial infarction, coronary
artery bypass graft, and prior percutaneous coronary intervention (Table 1). When the
diagnoses of the patients included in the study were considered during the application
period, STEMI (n = 85) was the most common in the patients after NSTEMI (n = 214),
but there was no statistically important difference among the groups. When retrospective
laboratory values were examined, there was no statistical difference between the groups
in terms of LDL-cholesterol, creatinine, and haemoglobin; the mean LDL value of all
patients was 109 ± 41.2 mg/dL. When the retrospective echocardiographic data were
examined, the comparison of the groups suggested that the mean EF value in Group I
was 50% (25–70), in Group II was 53% (23–66), and in Group III was 54% (30–72), and a
statistically important difference was detected between Group I and Group II, and Group I
and Group III (p < 0.001). The proportion of patients with an EF of >40% was found to be
85% in Group I, 86.8% in Group II, and 94.5% in Group III, and there was a trend towards
statistical significance between the groups. Particularly, the proportion of patients with
>40% EF in Group III was numerically higher than in Groups I and II (p = 0.058) (Table 1).

RCA (n = 183, 52.3%), then LAD (n = 83, 23.7%), and CX (n = 50, 14.3%) were the most
common locations in the patients who were covered in the study. There was no statistical
distinction among the groups in terms of other lesions (Table 2). When we compared the
groups, ostial lesions were most commonly observed in Group II (15.9%), then in Group I
(12.7%), and finally in Group III (8.3%), and there was no statistically significant difference
between the groups (p = 0.229) (Table 2). When we compared the groups according to
the post-PCI TIMI flows, TIMI 3 flows were obtained at a rate of 88.8% in Group I, 93.5%
in Group II, and 89.9% in Group III, and there was no statistically important distinction
among groups (Table 2). Again, when the groups were compared in terms of the duration
of DAPT used in patients, no significant difference was determined. When the use of OAC
was studied, it was found that 3.4% of patients used OAC, and no distinction among the
groups was determined (Table 2).
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Table 1. Distribution of baseline demographic parameters between the groups.

Group I (4 mm BMS)
(n = 134)

Mean ± SD
Median (min–max.)

Group II (4 mm DES)
(n = 105)

Mean ± SD
Median (min–max.)

Group III (3 mm DES,
4 mm NC)
(n = 104)

Mean ± SD
Median (min–max.)

p
Value

Age (year) 62 ± 10.8 61 ± 10.1 62 ± 9.8 0.653

Gender
Men, n (%) 116 (86.6) 88 (83.2) 86 (82.6)

0.648
Women, n (%) 18 (13.4) 17 (16.8) 18 (17.4)

Diabetes mellitus, n (%) 35 (26.1) 33 (30.8) 4 (31.2) 0.617

Hypertension, n (%) 69 (51.5) 54 (50.5) 51 (46.8) 0.614

Cigarette, n (%) 69 (51.5) 57 (53.3) 52 (47.7) 0.543

Family history, n (%) 41 (30.6) 31 (29) 25 (22.9) 0.390

Previous MI, n (%) 39 (29.1) 27 (25.2) 34 (31.2) 0.515

Previous PCI, n (%) 25 (18.7) 15 (14) 28 (25.7) 0.092

Previous CABG operation, n (%) 15 (11.2) 12 (11.2) 9 (8.3) 0.703

STEMI 37 (27.61) 22 (20.56) 25 (23.85) 0.444

NSTEMI 82 (61.2) 66 (62.6) 63 (59.6) 0.904

Stable CAD 15 (11.19) 17 (16.82) 16 (16.51) 0.369

LDL (mg/dL) 109 ± 35.5 107 ± 45.6 112 ± 43.7 0.645

Creatinine (mg/dL) 1.0 ± 0.3 1.1 ± 1.2 1.1 ± 1.1 0.519

Haemoglobin (gr/dL) 13.7 ± 1.9 13.7 ± 2.1 13.8 ± 1.7 0.866

EF (%) 50 (25–70) 53 (23–66) 54 (30–72) <0.001

EF (%)
<%40, n (%) 20 (15) 13 (13.1) 6 (5.5)

0.058
≥%40, n (%) 114 (85) 92 (86.9) 98 (94.5)

Quantitative variables were specified as mean ± SD. Categorical variables were shown as number and percentage
values. MI: myocardial infarction; PCI: percutaneous coronary intervention; CABG: coronary artery bypass graft
surgery; STEMI: ST-segment elevation myocardial infarction; NSTEMI: Non–ST-segment elevation myocardial
infarction; CAD: coronary artery disease; LDL: low-density lipoprotein; EF: ejection fraction.

Table 2. Coronary lesion characteristics, TIMI flow grade, and medications between the groups.

Group I (4 mm BMS)
(n = 134)

Mean ± SD
Median (min–max.)

Group II (4 mm DES)
(n = 105)

Mean ± SD
Median (min–max.)

Group III (3 mm DES,
4 mm NC)
(n = 104)

Mean ± SD
Median (min–max.)

p Value

LAD, n (%) 23 (17.2) 27 (25.2) 33 (30.3) 0.052

CX, n (%) 21 (15.7) 15 (14) 14 (12.8) 0.818

RCA, n (%) 79 (59) 49 (45.8) 55 (50.5) 0.114

Saphenous graft, n (%) 6 (4.5) 3 (2.8) 3 (2.7) 0.697

Osteal lesion
Yes 17 (12.7) 17 (15.9) 9 (8.3)

0.229
No 117 (87.3) 90 (84.1) 100 (91.7)

TIMI 1, n (%) 5 (3.7) 2 (1.9) 3 (2.7) 0.687

TIMI 2, n (%) 10 (7.5) 5 (4.7) 8 (7.3) 0.786

TIMI 3, n (%) 119 (88.8) 100 (93.5) 98 (89.9) 0.702

Dual antiplatelet duration (months) 12 (1–24) 12 (3–36) 12 (1–24) 0.501

Oral anticoagulant using
n, (%)

Yes 5 (3.7%) 1 (0.9%) 6 (5.5%)
0.175

No 129 (96.3%) 106 (99.1%) 103 (94.5%)

Quantitative variables were specified as mean ± SD. Categorical variables were shown as number and percentage
values. TIMI: thrombolysis in myocardial infarction; LAD: left anterior descending, CX: circumflex; RCA: right
coronary artery.
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When the mean stent lengths used for PCI were studied, these were 18 (6–48) mm in
Group I, 20 (8–38) mm in Group II, and 23 (15–48) mm in Group III (p < 0.001). The stent
length in Group I was significantly lower than in both Group II and Group III patients
(p < 0.001). In the study, 4 mm diameter stents were used in Group I and Group II, 3 mm
diameter stents were used in Group III and post-dilatation was performed with a 4 mm
diameter NC balloon in patients who underwent a post-dilatation. When we examined
the final stent diameters among the groups, Group I and Group II stents reached a mean
final diameter of 4.2 mm, while Group III stents reached a mean final diameter of 4.1 mm
(Table 3).

Table 3. Coronary stent, non-compliant balloon size, and type characteristics in the groups.

Group I (n = 134)
Median

(min–max)

Group II (n = 105)
Median

(min–max)

Group III (n = 104)
Median

(min–max)
p Value

Stent length
(mm)

18
(6–48)

20
(8–38)

23
(15–48) <0.001 a,b

Stent diameter
(mm)

4
(4–4)

4
(4–4)

3
(3–3) <0.001 b,c

NC balloon
diameter (mm)

4
(4–4)

4
(4–4)

4
(4–4) 1.000

Final stent
diameter (mm)

4.2
(4–4.4)

4.2
(4–4.4)

4.1
(4–4.4) 0.987

a: Between Group I and Group II, p < 0.001; b: Between Group I and Group III, p < 0.001; c: Between Group II and
Group III, p < 0.001.

When the cardiac mortality rates and times of cardiac mortality were compared,
no statistically important differences were determined among the groups. The median
follow-up period of all patients was 36 (6–75) months. When the follow-up periods were
examined, Group I patients were followed up for median of 48 (6–75) months and there
was a statistically important distinction between Group I and Group II, and Group I and
Group III (p < 0.045). When the all-cause mortality rates and the all-cause mortality times
were compared during this follow-up period, no statistically important distinction was
determined among the groups (Table 4).

Of the 343 patients included in the study, target-vessel–related MI was detected in 12
(3.4%) patients and target-lesion revascularisation (TLR) was detected in 7 (2%) patients
during the follow-up period; no statistically important distinction was determined among
the groups. Stent thrombosis was observed in only one patient in Group I and there was
no statistically important distinction among the groups (p = 0.646). Again, of 343 patients,
14 (4%) patients had MI associated with other coronary vessels during follow-up, and
there was no significant statistical difference between the groups in terms of MI and major
haemorrhage rates associated with other coronary vessels. When the complication times
were examined, no statistically important distinction was determined among the groups
in terms of the time of MI associated with the target vessel, the time of target-lesion
revascularisation, and the time of myocardial infarction associated with other coronary
vessels (Table 4).
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Table 4. Comparison of groups in terms of primary and secondary outcomes, follow-up times, and
mortality rates.

Group I (4 mm BMS)
(n = 134)

Mean ± SD
Median (min–max.) *

Group II (4 mm DES)
(n = 105)

Mean ± SD
Median (min–max.) *

Group III (3 mm DES,
4 mm NC)
(n = 104)

Mean ± SD
Median (min–max.) *

p Value

Target-vessel–associated MI, n (%) 6 (4.5) 4 (3.7) 2 (1.8) 0.519

Target-lesion revascularization, n (%) 4 (3) 2 (1.9) 1 (0.9) 0.516

Stent thrombosis, n (%) 1 (25) 0 (0) 0 (0) 0.646

MI associated with other vessels, n (%) 4 (3) 4 (3.7) 6 (5.5) 0.600

Major bleeding, n (%) 2 (1.5) 1 (0.9) 0 (0) 0.452

Time to target-vessel–associated MI
(months) 22 (1–36) 13 (1–24) 21 (6–36) 0.609

Time to target-lesion revascularization
(months) 30 (1–40) 13 (1–24) 6 (6–6) 0.558

Time to MI associated with other
vessels (months) 32 (6–48) 12 (12–24) 16 (5–36) 0.385

Cardiac death, n (%) 5 (3.7) 2 (1.9) 3 (2.7) 0.687

All-cause death, n (%) 10 (7.5) 6 (5.6) 6 (5.5) 0.473

Follow-up period (months) 48 (6–75) 38 (7–54) 33 (6–60) <0.045 *

Time to cardiac death (months) 16 (6–36) 11 (4–18) 15 (4–24) 0.695

Time to death from all causes (months) 18 (6–46) 18 (3–24) 20 (4–59) 0.621

* Group I and Group II and Group I Group III. MI: myocardial infarction.

4. Discussion

In our study, we explored the clinical outcomes of DES versus BMS in large coronary
arteries, as well as the effects of stent oversizing with a non-compliant balloon post-
dilation. Our findings reveal no significant difference in thrombosis, TLR, MI, long-term
cardiac mortality, or all-cause mortality between the stent types in these scenarios. Notably,
DES with a diameter of 3 mm, capable of expanding to 4.4 mm through post-dilation,
were associated with favourable cardiac endpoints, akin to 4 mm diameter stents, when
optimally post-dilated.

While the importance of DES is no longer discussed in the guidelines, the aim of our
retrospective study was to point out the unclear predominance of DES in large vessels
over BMS, and the differences in the literature. The significant predominance of DES over
BMS has been demonstrated in many randomised trials and meta-analyses in the case
of stent restenosis [10–13]. The absence of significant differences in clinical outcomes for
the use of DES and BMS in large vessels, the inclusion of cost-efficiency analyses, and the
evaluation of it in terms of accessibility suggest that discussions will intensify in the future.
In Basket’s study, the use of DES in small vessels (<3 mm) and long lesions (>15 mm) was
found to be cost-effective [2,6]. In a study by Steinberg et al. [14] involving 466 patients,
they compared the administration of BMS with DES to ≥3.5 mm coronary artery stenoses.
No difference was determined between the use of BMS and DES at the end of one year in
terms of target-lesion revascularization.

In BMS patients, in-stent restenosis (ISR) occurs after a median of 90 days after STEMI
and a median of 125 days after non-STEMI [15,16]. In a study that evaluated 39 pa-
tients with DES-associated ISR, the mean ISR duration was detected to be approximately
12 months [15–17]. Due to the anti-proliferative effects of drugs, ISR may occur approxi-
mately nine months later in DES patients than BMS. In previous studies, the length of the
stent, the diameter of the stent, diabetes mellitus, renal failure, and the interval between
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two stents have been determined as risk factors for ISR. Furthermore, a one-millimetre
rise in stent length was related to a 2% higher risk of ISR, and a one-millimetre rise in
stent diameter was related to a 76% lower risk of ISR. This shows that even in patients
requiring exclusively big coronary stents, there is a noteworthy relationship among both
stent diameter and stent length with ISR. In large-diameter vessels, comparative studies
based on the benefits of BMS or DES selection, based on stent thrombosis, cost-effectiveness,
and ease of access to DES have been carried out [18–22].

When the two-year follow-up results of the study by Hyun-Tae Kim et al. [7] performed
with 304 patients, which compared DES and BMS in patients with 4 mm diameter stent
insertion were investigated, no important distinction was observed among the groups
in terms of cardiac mortality, MI, stent thrombosis, and TVR1. In the study carried out
by Ming-JerHsieh et al. [9] with 1096 patients, patients with lesions in vessels 3 mm and
above to which PCI was administered were divided into four different groups in terms of
their vessel diameters, such as 3–3.25 mm, 3.26–3.5 mm, 3.51–3.75 mm, and 3.76–4.5 mm;
in each group, they were further divided into those who had been administered DES
or BMS, and were included in the study [1,7,19–23]. When the first three groups were
considered, no important distinction was determined in terms of cardiac mortality, MI,
and stent thrombosis rates, and only TVR was found to be predominant to BMS. In group
four, that is, in patients with vessel diameters of 3.76–4.5 mm, DES lost its advantage
against BMS at all of these endpoints. As a result, this study suggests that DES lose their
predominance over BMS after 3.76 mm. The results of our study support these studies
and show that DES with a diameter of 3 mm can be used in coronary arteries with a
diameter of 4–4.4 mm by properly post-dilating them. The differences between Ming-
JerHsieh et al.’s study compared to our study are the inclusion of CTR, bifurcation lesions,
and multiple stent interventions [1,9,20–23]. In the study by Hyun-Tae Kim et al., CTR
and multiple stent interventions were excluded, and bifurcation lesions were included
in the study [1,7,9]. In our study, we excluded bifurcation procedures, multiple stent
interventions, and patients with CTR lesions in order to minimise the need for advanced
operator experience, differences in technical procedures that were performed, and bias
between stents.

EF level, which is one of the main characteristics of our study, was found to be im-
portantly lower in Group I than in other groups. Similarly, the follow-up period was
importantly longer in Group I than in the other groups. Despite being insignificant propor-
tionally, the excess of cardiac events in Group I might be related to these two parameters.
However, although the mean stent length in patients in Group I was significantly shorter
than the other groups, we postulate that the follow-up cardiac events in Group I was due
to the reducing effect of drug release on the presence of cardiac events.

Recent guidelines recommend DES to all patients, regardless of the diameter of the
vessel. When the results of our study are examined, a well–post-dilated 3 mm diameter
DES or a 4 mm diameter BMS show similar results to a 4 mm diameter DES, with the
condition that the final stent diameter is 4.0–4.4 mm. However, it is necessary to know the
stents in the laboratory well and to choose the recommended diameter by knowing the
maximum expansion values. DES with a 3 mm diameter in our laboratory had the ability
to be expanded up to 4.4 mm, and they were used as needed [1,19–23].

Recent literature presents divergent findings regarding stent selection in the man-
agement of large coronary artery lesions. Changal et al. reported that the application
of new-generation DES is associated with enhanced outcomes in coronary arteries with
≥3 mm diameter [24]. Conversely, Singhal et al. posited that the utilization of BMS could
be deemed suitable for coronary arteries with a diameter of ≥3.5 mm. This further increases
the importance of our study [25].

The findings of this retrospective analysis, while shedding light on the comparative
outcomes of DES and BMS in large coronary arteries, necessitate cautious interpretation.
Given the study’s retrospective design and the inherent limitations associated with our
sample size, the results presented herein cannot be extrapolated to the broader patient
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population with absolute certainty. It underscores the imperative need for individualised
patient care, where decisions regarding stent selection are tailored to the unique clinical
profiles of each patient, taking into account not only the anatomical and physiological
considerations but also the potential influence of racial and regional factors on disease
manifestation and treatment efficacy. Therefore, the generalisation of our findings should
be approached with prudence, reinforcing the call for further prospective studies to validate
these observations and guide clinical practice on a more individualised basis.

Study Limitations

Our study is a non-randomised, monocentric, and retrospective study. In our study, EF
levels, lengths of stents inserted, and follow-up durations varied significantly between the
groups. At the same time, the number of interventions carried out on the primary coronary
lesions also differed considerably between the groups. Stent type and size selection were left
to the discretion of the operator, and intravascular imaging techniques were not employed.
These parameters were major limitations of our study.

5. Conclusions

In percutaneous coronary interventions, single-stent interventions are carried out on
lesions that do not require bifurcation, CTO, or multiple stent administration; when the
vessel is in the range of 4–4.4 mm, no significant difference is determined in terms of TLR,
target-vessel–associated MI, cardiac mortality, and all-cause–related mortality in terms
of inserting a 4 mm diameter DES, a 4 mm diameter BMS, or a 3 mm diameter DES and
optimised post-dilatating with a 4 mm diameter balloon.

Author Contributions: All authors contributed to the conception of the work and drafted the
manuscript. All authors critically revised the manuscript and gave final approval. 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 approved by Ondokuz Mayıs University
Clinical Research Ethics Committee with the decision number 2020/359 and the date of 3 June 2020.

Informed Consent Statement: This study was approved by the Institutional Ethics Committee.
Informed, written consent was obtained from all patients. The study was performed in accordance
with the Declaration of Helsinki (2013).

Acknowledgments: We would like to show our deep gratitude to all doctors and nurses in our de-
partment. Without their kindness, patience, and hard work, we could not have completed this paper.

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

References
1. Zbinden, R.; von Felten, S.; Wein, B.; Tueller, D.; Kurz, D.J.; Reho, I.; Galatius, S.; Alber, H.; Conen, D.; Pfisterer, M.; et al. Impact

of stent diameter and length on in-stent restenosis after DES vs. BMS implantation in patients needing large coronary stents-A
clinical and health-economic evaluation. Cardiovasc. Ther. 2017, 36, 19–25. [CrossRef] [PubMed]

2. Stone, G.W.; Ellis, S.G.; Cannon, L.; Mann, J.T.; Greenberg, J.D.; Spriggs, D.; O’Shaughnessy, C.D.; DeMaio, S.; Hall, P.; Popma, J.J.;
et al. Comparison of a polymer-based paclitaxel-eluting stent with a bare metal stent in patients with complex coronary artery
disease: A randomized controlled trial. JAMA 2005, 294, 1215–1223. [CrossRef] [PubMed]

3. Stettler, C.; Wandel, S.; Allemann, S.; Kastrati, A.; Morice, M.C.; Schömig, A.; Pfisterer, M.E.; Stone, G.W.; Leon, M.B.; de Lezo, J.S.;
et al. Outcomes associated with drug-eluting and bare-metal stents: A collaborative network meta-analysis. Lancet 2007, 370,
937–948. [CrossRef] [PubMed]

4. National Institute for Clinical Excellence. Drug-Eluting Stents for the Treatment of Coronary Artery Disease NICE Technology Appraisal
Guidance [TA152]; National Institute for Clinical Excellence: London, UK, 2008.

5. Lagerqvist, B.; James, S.K.; Stenestrand, U.; Lindbäck, J.; Nilsson, T.; Wallentin, L. Long-term outcomes with drug-eluting stents
versus bare-metal stents in Sweden. N. Engl. J. Med. 2007, 356, 1009–1019. [CrossRef] [PubMed]

6. Kaiser, C.; Galatius, S.; Erne, P.; Eberli, F.; Alber, H.; Rickli, H.; Pedrazzini, G.; Hornig, B.; Bertel, O.; Bonetti, P.; et al. Drug-eluting
versus bare-metal stents in large coronary arteries. N. Engl. J. Med. 2010, 363, 2310–2319. [CrossRef] [PubMed]

https://doi.org/10.1111/1755-5922.12229
https://www.ncbi.nlm.nih.gov/pubmed/27662632
https://doi.org/10.1001/jama.294.10.1215
https://www.ncbi.nlm.nih.gov/pubmed/16160130
https://doi.org/10.1016/S0140-6736(07)61444-5
https://www.ncbi.nlm.nih.gov/pubmed/17869634
https://doi.org/10.1056/NEJMoa067722
https://www.ncbi.nlm.nih.gov/pubmed/17296822
https://doi.org/10.1056/NEJMoa1009406
https://www.ncbi.nlm.nih.gov/pubmed/21080780


Medicina 2024, 60, 600 10 of 10

7. Kim, H.T.; Nam, C.W.; Hur, S.H.; Kim, K.B.; Lee, S.H.; Hong, G.R.; Park, J.S.; Kim, Y.J.; Kim, U.; Yang, T.H.; et al. Two-Year Clinical
Outcomes After Large Coronary Stent (4.0 mm) Placement: Comparison of Bare-Metal Stent Versus Drug-Eluting Stent. Clin.
Cardiol. 2010, 33, 620–625. [CrossRef] [PubMed]

8. Cox, D.; Hermiller, J.B.; Cannon, L. Are DES beneficial in large vessels compared to BMS? Data from the TAXUS IV and V
randomised clinical trials. J. Am. Coll. Cardiol. 2008, 51, B109.

9. Hsieh, M.-J.; Chen, C.-C.; Chang, S.-H.; Wang, C.-Y.; Lee, C.-H.; Lin, F.-C.; Chang, C.-J.; Hsieh, I.-C. Long-term outcomes of
drug-eluting stents versus bare-metal stents in large coronary arteries. Int. J. Cardiol. 2013, 168, 3785–3790. [CrossRef] [PubMed]

10. De Luca, G.; Dirksen, M.T.; Spaulding, C.; Kelbaek, H.; Schalij, M.; Thuesen, L.; Van Der Hoeven, B.; Vink, M.A.; Kaiser, C.; Musto,
C.; et al. Drug-eluting vs bare-metal stents in primary angioplasty: A pooled patient-level meta-analysis of randomised trials.
Arch. Intern. Med. 2012, 172, 611–621. [CrossRef]

11. Bangalore, S.; Kumar, S.; Fusaro, M.; Amoroso, N.; Attubato, M.J.; Feit, F.; Bhatt, D.L.; Slater, J. Short-and long-term outcomes
with drug-eluting and bare-metal coronary stents: A mixed-treatment comparison analysis of 117,762 patient-years of follow-up
from randomised trials. Circulation 2012, 125, 2873–2891. [CrossRef]

12. Palmerini, T.; Biondi-Zoccai, G.; Della Riva, D.; Stettler, C.; Sangiorgi, D.; D’Ascenzo, F.; Kimura, T.; Briguori, C.; Sabatè, M.; Kim,
H.-S.; et al. Stent thrombosis with drug-eluting and bare-metal stents: Evidence from a comprehensive network meta-analysis.
Lancet 2012, 379, 1393–1402. [CrossRef] [PubMed]

13. Abe, D.; Sato, A.; Hoshi, T.; Maruta, S.; Misaki, M.; Kakefuda, Y.; Watabe, H.; Hiraya, D.; Sakai, S.; Kawabe, M.; et al. Drug-eluting
versus bare-metal stents in large coronary arteries of patients with ST-segment elevation myocardial infarction: Findings from the
ICAS registry. J. Cardiol. 2014, 64, 377–383. [CrossRef] [PubMed]

14. Steinberg, D.H.; Mishra, S.; Javaid, A.; Slottow, T.L.P.; Buch, A.N.; Roy, P.; Okabe, T.; Smith, K.A.; Torguson, R.; Xue, Z.; et al.
Comparison of effectiveness of bare metal stents versus drug-eluting stents in large (≥3.5 mm) coronary arteries. Am. J. Cardiol.
2007, 99, 599–602. [CrossRef] [PubMed]

15. Sabate, M.; Cequier, A.; Iñiguez, A.; Serra, A.; Hernandez-Antolin, R.; Mainar, V.; Valgimigli, M.; Tespili, M.; Heijer, P.D.; Bethen-
court, A.; et al. Everolimus-eluting stent versus bare-metal stent in ST-segment elevation myocardial infarction (EXAMINATION):
1-year results of a randomised controlled trial. Lancet 2012, 380, 1482–1490. [CrossRef] [PubMed]

16. Fokkema, M.L.; James, S.K.; Albertsson, P.; Akerblom, A.; Calais, F.; Eriksson, P.; Jensen, J.; Nilsson, T.; de Smet, B.J.; Sjögren, I.;
et al. Population trends in percutaneous coronary intervention: 20-year results from the SCAAR (Swedish Coronary Angiography
and Angioplasty Registry). J. Am. Coll. Cardiol. 2013, 61, 1222–1230. [CrossRef] [PubMed]

17. Costa, F.; Brugaletta, S.; Pernigotti, A.; Flores-Ulmanzor, E.; Ortega-Paz, L.; Cequier, A.; Iniguez, A.; Serra, A.; Jimenez-Quevedo,
P.; Mainar, V.; et al. Does Large Vessel Size Justify Use of Bare-Metal Stents in Primary Percutaneous Coronary Intervention?
Insights From the EXAMINATION Trial. Circ. Cardiovasc. Interv. 2019, 12, e007705. [CrossRef] [PubMed]

18. Garg, P.; Normand, S.L.T.; Silbaugh, T.S.; Wolf, R.E.; Zelevinsky, K.; Lovett, A.; Varma, M.R.; Zhou, Z.; Mauri, L. Drug-eluting or
bare-metal stenting in patients with diabetes mellitus: Results from the Massachusetts Data Analysis Center Registry. Circulation
2008, 118, 2277–2285. [CrossRef] [PubMed]

19. Foin, N.; Sen, S.; Allegria, E.; Petraco, R.; Nijjer, S.; Francis, D.P.; Di Mario, C.; Davies, J.E. Maximal expansion capacity with
current DES platforms: A critical factor for stent selection in the treatment of left main bifurcations. EuroIntervention 2013, 8,
1315–1325. [CrossRef] [PubMed]

20. Yin, D.; Li, J.; Yang, Y.J.; Wang, Y.; Zhao, Y.Y.; You, S.J.; Qiao, S.B.; Xu, B.; Dou, K.F. Nine-year clinical outcomes of drug-eluting
stents vs. bare metal stents for large coronary vessel lesions. J. Geriatr. Cardiol. 2017, 14, 35–41. [PubMed]

21. Piccolo, R.; Efthimiou, O.; Varenne, O.; Baldo, A.; Urban, P.; Kaiser, C.; Remkes, W.; Räber, L.; de Belder, A.; van’t Hof, A.W.J.;
et al. Drug-eluting or bare-metal stents for percutaneous coronary intervention: A systematic review and individual patient data
meta-analysis of randomised clinical trials. Lancet 2019, 393, 2503–2510. [CrossRef] [PubMed]

22. Kitahara, H.; Okada, K.; Kimura, T.; Yock, P.G.; Lansky, A.J.; Popma, J.J.; Yeung, A.C.; Fitzgerald, P.J.; Honda, Y. Impact of Stent
Size Selection on Acute and Long-Term Outcomes After Drug-Eluting Stent Implantation in De Novo Coronary Lesions. Circ.
Cardiovasc. Interv. 2017, 10, e004795. [CrossRef] [PubMed]

23. Xu, T.; Feng, B.; Zheng, Z.; Li, L.; Zeng, W.; Wang, D.; Zhang, L.; Li, H. Association of stent diameter and target vessel
revascularisation in patients undergoing percutaneous coronary intervention: A secondary retrospective analysis based on a
Chinese cohort study. BMC Cardiovasc. Disord. 2021, 21, 402. [CrossRef] [PubMed]

24. Changal, K.H.; Mir, T.; Khan, S.; Nazir, S.; Elzanatey, A.; Meenakshisundaram, C.; Mubbasher, S.; Sheikh, M.A. Drug-Eluting
Stents Versus Bare-Metal Stents in Large Coronary Artery Revascularization: Systematic Review and Meta-Analysis. Cardiovasc.
Revascularization Med. 2021, 23, 42–49. [CrossRef] [PubMed]

25. Prajapati, J.; Singhal, R.; Patel, I.; Patel, C.; Sahoo, S. One-Year Clinical Outcomes of Drug-Eluting Stents versus Bare-Metal Stents
in Large Coronary Arteries. J. Clin. Prev. Cardiol. 2020, 9, 56–60. [CrossRef]

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/10.1002/clc.20781
https://www.ncbi.nlm.nih.gov/pubmed/20960536
https://doi.org/10.1016/j.ijcard.2013.06.005
https://www.ncbi.nlm.nih.gov/pubmed/23830345
https://doi.org/10.1001/archinternmed.2012.758
https://doi.org/10.1161/CIRCULATIONAHA.112.097014
https://doi.org/10.1016/S0140-6736(12)60324-9
https://www.ncbi.nlm.nih.gov/pubmed/22445239
https://doi.org/10.1016/j.jjcc.2014.02.020
https://www.ncbi.nlm.nih.gov/pubmed/24685689
https://doi.org/10.1016/j.amjcard.2006.09.105
https://www.ncbi.nlm.nih.gov/pubmed/17317356
https://doi.org/10.1016/S0140-6736(12)61223-9
https://www.ncbi.nlm.nih.gov/pubmed/22951305
https://doi.org/10.1016/j.jacc.2013.01.007
https://www.ncbi.nlm.nih.gov/pubmed/23500325
https://doi.org/10.1161/CIRCINTERVENTIONS.118.007705
https://www.ncbi.nlm.nih.gov/pubmed/31451013
https://doi.org/10.1161/CIRCULATIONAHA.108.820159
https://www.ncbi.nlm.nih.gov/pubmed/19001019
https://doi.org/10.4244/EIJV8I11A200
https://www.ncbi.nlm.nih.gov/pubmed/23086760
https://www.ncbi.nlm.nih.gov/pubmed/28270840
https://doi.org/10.1016/S0140-6736(19)30474-X
https://www.ncbi.nlm.nih.gov/pubmed/31056295
https://doi.org/10.1161/CIRCINTERVENTIONS.116.004795
https://www.ncbi.nlm.nih.gov/pubmed/28951394
https://doi.org/10.1186/s12872-021-02212-1
https://www.ncbi.nlm.nih.gov/pubmed/34418965
https://doi.org/10.1016/j.carrev.2020.07.018
https://www.ncbi.nlm.nih.gov/pubmed/32723603
https://doi.org/10.4103/JCPC.JCPC_56_19

	Introduction 
	Materials and Methods 
	Study Population 
	Angiographic Analysis 
	Definitions 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

