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ABSTRACT

Background: The size of the coronary stent has an important role in the efficacy of stenting and
its complications. The present study focused on the clinical outcomes of undersized,
normal-sized, and oversized stenting.

Methods: This historical cohort study, conducted from April 2016 to March 2017 at Rajaie
Cardiovascular Medical and Research Center, analyzed the results of elective
percutaneous coronary intervention (PCI) and angiography on patients who met the
inclusion criteria. Based on the ratio between the stent and the reference vessel, the
patients were divided into 3 groups: undersized stenting (stent diameter/reference vessel
diameter <0.9), normal-sized stenting (ratio=0.9-1), and oversized stenting (ratio>1).
Data on demographic characteristics, procedural characteristics, underlying diseases, the
hospital length of stay, major adverse cardiac events (MACE), post- PCI restenosis, stent
thrombosis, and post-PCI cerebrovascular accident were extracted from the patients’ files
and entered into a checklist.

Results: Oversized stenting significantly reduced the incidence of MACE 1 year after PCI
compared with undersized and normal-sized stenting. The incidence of rehospitalization
for acute coronary syndrome was 7.5 times lower in oversized stenting than in undersized
stenting (P=0.002). The incidence of re-PCl on the involved vessel decreased
significantly with an increase in the stent size (P=0.017). Additionally, there was no
incidence of stent restenosis in oversized stenting (P=0.001). The other outcomes had no
significant correlation with the stent size.

Conclusions: Based on the results of our study, oversized stenting could improve clinical
outcomes. (Iranian Heart Journal 2021; 22(2): 44-50)
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ccording to the World Health

Organization’s report, ischemic heart

disease is responsible for 7.3 million
deaths around the globe, with approximately
58 million disability-adjusted life years. *
Angina pectoris occurs when myocardial
blood perfusion is inadequate, and it is
divided into 2 types: stable and unstable. * 3
Stable angina is caused by severe exercise or
emotional stress. It has no symptoms at rest
and usually responds to drugs; nonetheless, in
certain cases with excessive stenosis or
failure to respond to  medication,
revascularization is the best treatment option.
¥ The goal of revascularization is to improve
symptoms, quality of life, and long-term
survival. Percutaneous coronary intervention
(PCI) is a type of revascularization that has
been drawn upon for more than 20 years. *
Research indicates that the use of stents in
patients with acute coronary syndrome (ACS)
reduces the morbidity and mortality of
myocardial infarction almost 5% more than
medication only. > ® In general, stenting
overcomes the limitations of balloon
angioplasty, lessens complications, and
enhances cardiovascular outcomes. Highly
sensitive diagnostic methods and their
availability in hospitals can augment the
diagnosis and treatment of patients. Recent
investigations have  demonstrated an
association between the thrombolysis in
myocardial infarction (TIMI) frame count
(TFC) and such important echocardiographic
indicators as the diastolic function, hence the
use of the TFC for determining the prognosis
of cardiac disorders. ’ Research has also
shown that fractional flow reserve-guided
PCI is preferable to medication in emergency
revascularization. ®
Despite the clinical benefits of stenting,
there are some undesirable outcomes such as
plague rupture and embolus formation. ® @
An inappropriate stent size may increase the
incidence of side effects.  '° Although
operators can select the best stent size by
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using intravascular ultrasound, optical
coherence tomography, or even quantitative
coronary angiography for the evaluation of a
normal reference vessel, the majority of
them tend to select the stent by using visual
coronary arteriography, which is called the
“eyeball estimation”. Previous investigations
on this method have indicated that in visual
arteriography, severe lesions with over 50%
stenosis are overestimated, whereas those
with less than 50% are underestimated.
Because of geometric complexities, visual
estimation cannot be a reliable method for
the determination of the percentage of
stenosis and the selection of the stent size. ™
Given the paucity of research in the existing
literature on the effect of the stent size on
the clinical outcomes of patients undergoing
elective PCl, we aimed to compare the
clinical outcomes of undersized, normal-
sized, and oversized stenting in patients
undergoing elective PCI.

METHODS

The present historical cohort study was
performed on patients with stable angina who
underwent elective PCI in  Rajaie
Cardiovascular Medical and Research Center
(a tertiary center) between April 2016 and
March 2018. The patients’ data were
collected from their hospital files. The
inclusion criteria were the indication for
elective PCI in accordance with the American
Heart Association’s guideline, compliance
with medications, and the consumption of
clopidogrel and aspirin.  The exclusion
criteria comprised coronary artery bypass
graft before PCI, PCI on more than 1 vessel,
PCI on the left main, and bifurcation stenting.
The patients’ records were reviewed, and their
angiography films were analyzed. According
to the patients’ angiography film, vessel
diameters were calculated via quantitative
coronary angiography before and after PCI.
Based on the ratio between the stent size and
the normal vessel, the study population was
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divided into 3 groups. Group | consisted of
patients with undersized stents (stent
diameter/reference vessel diameter <0.9),
Group Il comprised patients with normal-sized
stents (ratio=0.9-1), and Group Il was
comprised of patients with oversized stents
(ratio>1). Data including demographic
characteristics, underlying diseases, risk
factors, the hospital length of stay,
angiographic data, the type of involved vessel,
and the type of stent used were recorded.
Information on major adverse cardiac events
(MACE) within 1 year after elective PCI,
comprising stent restenosis, stent thrombosis,
cardiovascular  mortality,  cerebrovascular
accident (CVA), rehospitalization for acute
coronary syndrome (re-ACS), and the need for
re-PCI, was obtained by telephone calls or
direct interviews with the patients or their
family.

Numerical variables were described as the
mean + the standard deviation (SD) and
qualitative variables as the frequency index
(%). Data comparison between the 2 groups
was performed using the Pearson y* (or the
Fisher exact) test for nominal variables. All
the data were analyzed using the statistical
software IBM SPSS Statistics 25 for Mac
(IBM Inc, Armonk, NY).

The study protocol was approved by the
institutional human subjects review board,
and the requirement for informed written
consent was waived.

RESULTS

During the study period, 1700 files of the
patients who underwent PCI in the setting of
stable angina were reviewed, and 1102
patients who met the inclusion criteria were
selected for the study.

Based on the ratio between the stent diameter
size and the reference vessel, the study
population was divided into 3 groups: patients
with undersized stents (Group . n=247
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[22.4%]), patients with normal-sized stents
(Group II: n=364 [33%]), and patients with
oversized stents (Group Ill: n=491 [44.6%)]).
The mean age of the patients was 59.18+10.89
years. The baseline characteristics of the 3
groups including demographic characteristics,
underlying diseases, and risk factors were not
significantly different between the groups
(Table 1). The procedural characteristics
including the involved vessels, the stent type,
and significant increases in post-PCl cardiac
enzymes and post-PCI TIMI scores were not
uniformly distributed based on the stent size
(Table 2).

Seven different types of drug-eluting stents
were utilized: the XIENCE (X), the Orsiro
(0), the Promus (P), the Ultimaster (U), the
Resolute Onyx (R), the BioMatrix (B), and
the Supraflex (S). According to our statistical
analyses, the type of stent was significantly
different between the groups (P=0.022).

The incidence of MACE, comprising stent
restenosis, stent thrombosis, CVA, re-ACS,
re-PCl, and death, was compared between the
groups. Stent restenosis during a 1-year
follow-up was significantly lower in the
oversized stent group than in the other 2
groups (Group I: n=9 [3.6%] vs Group II:
n=2 [0.5%] and Group IlI: n=0 [0%];
P=0.001). Stent thrombosis was a rare
complication in our study (Group I: n=1
[0.4%], Group II: n=2 [0.5%], and Group IlI:
n=0 [0%]; P=0.237). This complication did
not occur among the patients with oversized
stents within the 1-year follow-up, but there
was no significant correlation between the
stent size and the risk of stent thrombosis
after 1 year (P=0.237). The incidence of
CVA in each group was almost equal, so
there was no correlation between the stent
size and the incidence of CVA following PCI
(P=1). The rate of re-ACS in each group was
as follows: 11 (4.5%) in Group 1, 8 (2.2%) in
Group IlI, and 3 (0.6%) in Group Il
Consequently, the rate of re-ACS
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significantly decreased in oversized stenting
(P=0.002). During the 1-year follow-up, 88
patients needed re-PCl (Group I: n=29
[11.7%], Group II: n=30 [8.2%], and Group
[1: 29 [5.9%]). The rate of re-PCI in the
oversized stenting group showed a reduction
by comparison with the undersized stenting
group (P=0.022). Moreover, oversized
stenting reduced the risk of re-PCI in the
same vessel (P=0.017) (Table 3). During the
1-year follow-up, 13 (0.1%) patients died,
with 76% of the deaths (n=10) being due to

Table 1: Baseline characteristics of the study population

Group |

(n=247) (n=364) (n=491) value (N=1102)
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cardiovascular events. Although most of the
deaths were in consequence of cardiac
events, there was no significant relationship
between the stent size and the mortality rate
(P=0.751) (Table 3).

The incidence rates of some secondary
outcomes such as the hospital length of stay
after PCI were also assessed. The post-PCI
hospital length of stay was 3 days in most of
the patients in the 3 groups, and every

patient needed at least 1 day of
hospitalization after PCI.
Group |l Group Il P Total/mean+SD

Male (%) | 169 (68.4%) | 276(67.8%) | 346(70.5%) | 0.094 | 791 (71.8%)
Age (y) 58.46+11.41 | 59.17+10.48 | 59.56+10.92 | 0.438 | 59.18+10.89
Diabetes mellitus (%) 126(51.0%) | 172 (47.3%) 237(48.3%) | 0.650 535(48.5%)
Hypertension (%) 178 (72.1%) | 239 (65.7%) | 358 (72.9%) | 0.057 775(70.3%)
Dyslipidemia (%) | 186 (75.3%) | 257 (70.6%) | 365 (74.3%) | 0.345 808(73.3%)
History of cerebrovascular accident (%) | 0 (0%) 2 (0.5%) 1 (0.2%) 0.605 3(0.3%)
History of myocardial infarction (%) | 2(0.8%) 8 (2.2%) 5 (1%) 0.236 15(1.4%)
ikr'l'tsetr?/ré’nct’ifo "r’]e(f/;‘;ta”eous coronary ‘ 3 (1.2%) 5 (1.4%) 8(1.6%) | 0.895 16(1.5%)
g;r:;zeh&?ry O GRS ‘ 26 (10.5%) | 31 (8.5%) 44(9%) 0.684 101(9.2%)
Smoking (P/Y) | 32 (13%) 41 (11.3%) 62 (12.6%) | 0.775 135(12.3%)
Serum creatinine (mg/dL) | 0.99+0.36 0.98+0.29 0.98+0.29 0.151 0.97+0.30
Left ventricular ejection fraction (%) | 487457 48+6.6 48+6.3 0.824 48.21+6.30
Table 2: Angiographic and procedural data
Group | Group Il Group Il P value Total Number
(n=247) (n=364) (n=491) (1102)
Involved Vessel
Left anterior descending artery 122 (49.4%) | 209 (57.4%) | 252 (51.3%) 583 (52.9%)
Left circumflex artery 38 (15.4%) 41 (11.3%) 47 (9.6%) 126 (11.4%)
Right coronary artery 61 (24.7%) 89 (24.5%) 153 (31.2%) 0.081 303 (27.5%)
Obtuse marginal 20 (8.1%) 23 (6.3%) 31 (6.3%) 74 (6.7%)
Posterior descending artery 1 (0.4%) 1 (0.3%) 2 (0.4%) 4 (0.4%)
Diagonal 5 (2%) 1 (0.3%) 6 (1.2%) 12 (1.1%)
Stent Type
XIENCE 93 (37.7%) 166 (45.6%) | 209 (42.6%) 468 (42.5%)
Orsiro 38 (15.4%) 54 (14.8%) 57 (11.6%) 149 (13.5%)
Promus 83 (33.6%) | 83(22.8%) [ 116(23.6%) | . 282 (25.6%)
Ultimaster 24 (9.7%) 35 (9.6%) 81 (16.5%) : 140 (12.7%)
Resolute Onyx 4 (1.6%) 21 (5.8%) 23 (4.7%) 48 (4.4%)
BioMatrix 3 (1.2%) 4 (1.1%) 3 (0.6%) 100 (0.9%)
Supraflex 2 (0.8%) 1 (0.3%) 2 (0.4%) 5 (0.5%)
I I 0,
'”Cr‘?gfgen'i'f‘ié;‘;}‘:f;”é:bfg;eer”E(e:)' SO 3 (1.20) 13(3.6%) | 22(45%) | 0071 38 (3.4%)
TIMI Score after PCI \
2 | 8(3.2%) 9 (2.5%) 8 (1.6%) 0.364 25 (2.3%)
3 239 (96.8%) | 355 (97.5%) | 483 (98.4%) 1077 (97.7%)

TIMI, Thrombolysis in myocardial infarction; PCI, Percutaneous coronary intervention
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Table 3: Incidence of major adverse cardiac events during the 1-year follow-up

Stent restenosis

Stent thrombosis
Cerebrovascular accident

Rehospitalization for acute coronary syndrome

Needed re-PCI

Repeat PCI on the same vessel
Total Death
Cardiac death

Group |

(n=247)

Group I
(n=364)

Group I
(n=491)

P value

Total
(N=1102)

9 (3.6%) 2 (0.5%) 0 (0%) 11 (1%)
1 (0.4%) 2 (0.5%) 0 (0%) 0.237 | 3(0.3%)
1 (0.4%) 1(0.3%) | 1(0.2%) | 1.000 | 3 (0.3%)
11 (4.5%) | 8(2.2%) | 3(0.6%) | 0.002 22 (2%)
29 (11.7%) | 30(8.2%) | 29 (5.9%) | 0.022 88 (8%)
7 (2.8%) 2(05%) | 2(0.4%) | 0.017 11 (1%)
4 (1.6%) 3(08%) | 6(1.2%) | 0666 | 13 (1.2%)
3 (1.2%) 3(08%) | 4(0.8%) | 0.751 | 10 (0.9%)

PCI, Percutaneous coronary intervention

DISCUSSION

Stable angina is usually a compressive chest
pain caused by intense activity and often a
symptom of coronary heart disease. ** In
clinical practice, there are different types of
treatment strategies for stable angina that
range from medication to revascularization. *
In 2007, Russo et al * examined the outcomes
of oversized stenting by primary stent
replacement in 60 vessels of 33 white pigs and
reported that after 28 days, oversized stenting
significantly induced hyperplasia in the vessel
intima, leading to the extension of the intima
to the edge of the stent.

In the current study, we focused on the
clinical outcomes of stenting based on the
size of the stent. There are also other factors
concerning the outcome of elective PCI. For
instance, a previous study demonstrated that
severe anemia with a hemoglobin level of
below 10 g/dL was associated with an
increased risk of MACE (hazard ratio: 4.623,
95% confidence interval: 1.642 to 13.021;
P=0.004). ** Our main finding was that in
patients with elective PCI, the incidence of
MACE decreased with an increase in the size
of the stent. Additionally, oversized stenting
decreased the recurrence of stenosis
significantly and the need for re-PCI in the
involved vessel. A rise in the incidence of re-
ACS causes more admissions due to cardiac
events and subsequently increases morbidity

and mortality. The risk of re-ACS decreased
in oversized stenting in our study population.
A drop in the incidence of restenosis, re-
ACS, and re-PCI can lower the morbidity
and mortality of revascularization and its
financial burden on the community. Several
investigations have also evaluated the effect
of the stent size on the outcomes of PCI and
have revealed results similar to our study.

De Benedetti et al, *° in a review study on
the stent size in PCI, concluded that
oversized stenting could result in extra
trauma and subsequently more intimal
hyperplasia, increasing the risk of the
dissection and rupture of the coronary
vessels. They also showed that undersized
stenting was associated with stent restenosis
and thrombosis. According to the studies
reviewed in their article, a stent-to-vessel
ratio of 1: 1 was associated with favorable
clinical outcomes.

In 2017, Kitahara et al '’ examined 2931
vessels and evaluated the effect of the size
of drug-eluting stents on the short- and long-
term outcomes of stenting. Their results
showed that oversized stenting could confer
better clinical outcomes and decrease the
risk of post-dilation and re-PCI.

The goal of PCI in patients with stable
angina is to reduce adverse outcomes and
improve the quality of life. The findings of
the present study clearly showed the clinical
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advantage of oversized stenting in patients
with stable angina.

We found that some other outcomes
including mortality due to cardiac events and
CVA were not correlated with the stent size.
Nevertheless, since these outcomes may
occur after 1 year in some cases, longer
follow-up periods can yield accurate results.
A short follow-up period is, indeed, the
salient limitation of our study. In addition,
given the fact that such procedural factors as
the involved vessel and the stent type affect
the outcomes of PCI, our failure to match the
procedural characteristics between our 3
study groups is another weakness of note.
The results of our retrospective study should
be confirmed in future prospective
investigations with longer follow-up periods.

CONCLUSIONS

The main finding of the current historical
cohort study was that in patients undergoing
elective PCI, the incidence of MACE
decreased with an increase in the size of the
stent. Oversized stenting reduced the
incidence of restenosis, re-ACS, and re-PCI
in the same vessel significantly and improved
the clinical outcome in our study population.
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