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Abstract

Background The impacts of single high-dose statin preloading in patients undergoing percutaneous coronary inter-
vention (PCl) have not been fully examined. This study aims to evaluate post-procedure impacts of single high-dose
statin pretreatment with acute coronary syndrome (ACS).

Methods The meta-analysis reviewed Cochrane, PubMed, and Medline databases for studies comparing single high-
dose atorvastatin or rosuvastatin to placebo in ACS patients undergoing PCl. The primary endpoints included major
adverse cardiovascular events (MACE), myocardial infarction (MI), all-cause mortality, and target vessel revasculariza-
tion (TVR) at three months. Secondary endpoints examined were the TIMI flow grade 3 and left ventricular ejection
fraction (LVEF).

Results Comprehensive analysis was conducted on fifteen RCTs, encompassing a total of 6,207 patients (3090

vs 3117 patients). The pooled results demonstrated that a single high-dose of statin administered prior to PCl led

to a significant decrease in the incidence of MACE at three months post-PCl compared to the control group (OR 0.50,
95%Cl 0.35-0.71, p=0.0001). The occurrence of MI (OR 0.57, 95%Cl 0.42-0.77, p=0.0002), all-cause mortality (OR 0.56,
95%Cl 0.39-0.81, p=0.0002), and TVR (OR 0.56, 95%Cl 0.35-0.92, p=0.02) was significantly lower in the statin single
high-dose group compared to the control group. No significant effects on TIMI flow grade 3 (OR 1.20, 95%Cl 0.94-
1.53, p=0.14) or left ventricular ejection fraction (OR 2.19, 95%C| —0.97 to 5.34, p=0.17) were observed. Subgroup
analysis demonstrated reduced incidence of MACE with a single dose of 80 mg atorvastatin (OR 0.66, 95%C| 0.54-0.81,
p <0.0001) and 40 mg rosuvastatin (OR 0.19, 95%C| 0.07-0.54, p=0.002).

Conclusions Single high-dose statin before PCl in patients with ACS significantly reduces MACE, MI, all-cause mortal-
ity, and TVR three months post-PCl.
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Background

Percutaneous coronary intervention (PCI) is a proce-
dure with a variety of indications, spanning from acute
coronary syndrome (ACS) to elective revascularization
[1]. Nevertheless, major adverse cardiac events (MACE)
both pre-procedure as well as post-procedure associated
with PCI itself or resulting from ACS persist. Therefore,
it is imperative to employ appropriate interventions to
optimize the outcomes of ACS patients undergoing PCIL
The effectiveness of several strategies to reduce peripro-
cedural MACE, including ticlopidine [2], eptifibatide [3],
and clopidogrel [4], have been previously investigated.
Furthermore, there is mounting evidence suggesting a
promising effect of pretreatment with statins in patients
with chronic coronary syndrome (CCS) or ACS for this
purpose [5, 6]. Interestingly, the advantageous outcomes
emanate from statins, extending beyond their conven-
tional impact on lipid levels [7-13].

At present, guidelines recommend the use of high-dose
statins both before and after PCI in ACS patients [14].
However, the optimal timing for initiating statin therapy
and the benefits of a single high-dose statin administra-
tion prior to PCI in ACS patients concerning MACE
remain unclear. The largest randomized controlled trial
(RCT) conducted to date, evaluating the effects of load-
ing high-dose high-intensity statins before PCI in ACS
patient populations, has yielded diverse outcomes. Nev-
ertheless, an extensive reduction in MACE was pre-
dominantly seen in patients undergoing PCI, particularly
patients with ST-segment elevation myocardial infarction
(STEMI). Given the existing knowledge gap on this mat-
ter, the aim is to analyze the use of a single high-dose sta-
tin before PCI to reduce MACE following the procedure.

Methods

Research design

The study protocol secured registration and approval
within the PROSPERO database (ID: CRD42023445800)
before commencing the systematic search based on the
guidelines outlined by PRISMA. The inclusion criteria for
the meta-analysis encompassed randomized controlled
trials focusing on the efficacy of single high-dose statin
compared to placebo administered prior to PCI in adults
diagnosed with ACS. The literature search, data extrac-
tion, and bias evaluation were performed solely by the
author, with any divergences in the determination of
study eligibility were systematically reconciled through
a collaborative consensus-building process with another
member.

The selected criteria were as follows: studies were
required to clearly specify the type of statin used as the
intervention, furnish direct comparisons of outcomes
between single high-dose statin and placebo, administer
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either a single dose of 80 mg atorvastatin or a single dose
of 20/40 mg of rosuvastatin, administer the statin no
later than one week before the PCI procedure, placebo
should not be any form of statin, include participants
with a confirmed diagnosis of ACS based on clinical and
laboratory assessments, and allocate participants equally
(1:1) through randomization. Excluded from the analysis
were studies with a follow-up duration of less than three
months, studies involving pediatric populations, studies
including post-chemotherapy participants, studies with
participants exhibiting autoimmune or psychiatric con-
ditions, and studies lacking specification of the type and
dosage of statin utilized. Studies assessing patients with
unstable angina were also excluded to maintain a more
homogenous study population. Moreover, studies that
utilized a lower dose of statin in the placebo group were
not included.

Literature search

A systematic literature search was undergone, employ-
ing Cochrane, Medline, and PubMed archives, covering
the period from January 1, 2009 to January 1, 2023. Lan-
guage restrictions were not applied during the search.
The search strategy encompassed Medical Subject Head-
ings (MeSH) terms and relevant free-text keywords,
including ((((((((Single High-Dose Statin) OR (Statin))
OR (High-dose statin)) OR (Single dose statin)) OR (ator-
vastatin)) OR (rosuvastatin)) OR (high-intensity statin))
OR (high-dosage statin)) AND ((Prior) OR (Before))
AND ((((((Percutaneous coronary intervention) OR
(Coronary Angioplasty)) OR (Coronary Stenting)) OR
(stenting)) OR (Transluminal coronary angioplasty)) OR
(Percutaneous transluminal coronary angioplasty)) AND
(((((((((Acute coronary syndrome) OR (Acute myocar-
dial infarction)) OR (Myocardial infarction)) OR (Coro-
nary heart disease)) OR (Acute coronary event)) OR
(STEMI)) OR (NSTEMI)) OR (Acute ischemic coronary
syndrome)) OR (Acute coronary artery syndrome)). Two
hundred and nineteen manuscripts initially identified, 17
conformed to the predetermined inclusion criteria, delin-
eated in the PRISMA flowchart (Fig. 1). Ultimately, 15
studies were considered appropriate for integration into
the quantitative analysis. Furthermore, the references of
included studies were examined to unveil any additional
literature pertinent to the subject.

Quality evaluation of the included studies

A comprehensive evaluation of potential bias was con-
ducted using the Cochrane Collaboration’s tool for Risk
of Bias Assessment, comprising seven key components.
Critical factors such as randomization procedures, allo-
cation concealment, and blinding of participants were
carefully evaluated to ascertain the risk of bias within
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Fig. 1 PRISMA flowchart diagram

the trials. The quality of evidence for all outcomes was  and Evaluation (GRADE) methodology. Integrating bias
rigorously evaluated through the implementation of the assessment with GRADE ensures a robust evaluation of
Grades of Recommendation, Assessment, Development, evidence quality, enhancing research reliability.
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Data extraction

A rigorous and methodical data extraction process
was undertaken to acquire comprehensive sociodemo-
graphic, baseline, and outcome-related information
from the included studies. This process encompassed
assessment of key parameters, including the geographi-
cal locations, age distribution, gender representation,
statin dosage, timing of statin administration, and the
specific type of ACS under investigation. The research
outcomes were predicated on paramount indicators,
notably major adverse cardiovascular events (MACE),
myocardial infarction (MI), all-cause mortality, and tar-
get vessel revascularization (TVR) within a three-month
timeframe. Additionally, other crucial parameters, such
as TIMI flow grade 3 and left ventricular ejection frac-
tion (LVEF), were employed to comprehensively assess
the efficacy of statin preloading prior to PCI. These met-
rics served as integral benchmarks in gauging the impact
of statin therapy in the context of PCI. In order to assess
the specific effects of different statin types, the study
conducted subgroup analyses on MACE based on the
distinct types of statin utilized, namely atorvastatin and
rosuvastatin. This methodological approach facilitated
a refined evaluation of the efficacy of each statin type
in relation to the desired clinical outcomes. By employ-
ing subgroup analysis, potential variations in treatment
response between the different statins were effectively
elucidated, thereby enhancing the precision and depth of
the research findings.

Data synthesis and analysis

Binary outcomes were transformed into odds ratios
(ORs) along with the corresponding 95% confidence
intervals (CIs). To present the results in a visually inform-
ative manner, forest plots were generated, enabling a
clear and concise representation of the effect estimates
and their associated Cls for each individual study. More-
over, funnel plots were constructed to assess the poten-
tial presence of publication bias, a critical consideration
in meta-analyses. Heterogeneity between studies was
evaluated using the I2 statistic, which quantifies the pro-
portion of total variation attributed to between-study
heterogeneity. If the 12 value exceeded 50%, indicating
substantial heterogeneity, the random-effects model was
employed. Conversely, if the 12 value was below 50%, sug-
gesting low heterogeneity, the fixed-effects model was
used to synthesize the data. Review Manager software
version 5.4.1, a widely recognized and reliable tool for
conducting meta-analyses, was employed to carry out all
statistical analyses. A predetermined significance level of
p<0.05 was set to determine the statistical significance
of the results, ensuring the attainment of rigorous and
clinically meaningful findings. This statistical approach
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allowed for a comprehensive and nuanced exploration
of the data, contributing to a robust and evidence-based
synthesis of the research outcomes.

Results

Selection of studies

The PRISMA flow diagram in Fig. 1 shows the study
selection process. The initial research yielded a total 219
studies, and through the elimination of duplications, 205
studies underwent independent screening. One hundred
and eighty-eight studies were excluded due to following
reason: non-randomized controlled trials, non-PCI stud-
ies, combined treatment intervention (between atorvas-
tatin and rosuvastatin), used dual-dose statin, compared
with low dose statin, patients who suffered UAP, stud-
ies that used simvastatin as intervention. After exclu-
sion, 17 full-text studies were assessed for the eligibility.
At the end, 15 studies [15-29] were included in our data
synthesis.

Characteristics of included studies and participants
Characteristics of included studies are presented in
Table 1. The majority of studies were conducted in Asia
[17-24, 28, 29]. Nine studies [16, 17, 19, 21, 23-27] used
atorvastatin medication before PCI, while five studies
[18, 20, 22, 28, 29] used rosuvastatin. One study [15] used
either atorvastatin or rosuvastatin. The control groups,
in their entirety, did not receive a high single dose of sta-
tin as a pretreatment prior to the PCI procedure. The
intervention group consisted of 3090 patients, while the
control group comprised 3117 patients. In all studies uti-
lizing atorvastatin, a single 80 mg dose was administered;
however, two studies [18, 28] opted for a 20 mg single
dose, and four studies [15, 20, 22, 29] favored a 40 mg
single dose of rosuvastatin. The mean age in the popula-
tion receiving statins was 59.78 £ 3.4 years. Additionally,
the average duration of follow-up in studies that reported
this information was approximately 6.28 months. A
majority of the included studies predominantly featured
patients with STEMI [15, 17, 19-23, 26, 27], with a sin-
gle study [28] incorporating patients with NSTEMI. The
remaining studies [16, 18, 24, 25, 29] encompassed a
broader spectrum of ACS patients without specific cat-
egorization by ACS subtype. Only five studies reported
side effects of statins [18-20, 22, 26] with serious side
effects reported in only 0.96% of these studies.

Quality evaluation of the included studies

The collective quality of the encompassed studies, as
assessed through the Cochrane risk of bias evaluation,
fell within the classification of low bias quality (Fig. 2). Six
studies [15, 17, 18, 20, 27, 29] were categorized as having
high risk of performance bias. However, it is worth noting
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that all the studies were categorized as having an unclear
bias, particularly in the domain of detection bias, attrib-
uted to unexplained factors influencing the outcome
assessment. For each outcome, we employed funnel plots
to detect bias. As illustrated in Fig. 3, the funnel plots for
all-cause mortality, MI, and TVR outcomes exhibited
a symmetrical pattern, signifying a very low risk of bias
(all 12=0%). Another outcome with a low risk of bias was
observed in the TIMI Flow Grade (I2=5%). In contrast,
funnel plots for the MACE and LVEF outcomes displayed
asymmetry, indicating heterogeneous results among the
included studies (I12=63% and 12=92%, respectively).

Efficacy of single high-dose statin prior to PCl

The results of the analysis demonstrated that the admin-
istration of a single high-dose statin prior to PCI pro-
cedure significantly reduced the occurrence of MACE
when compared to the control group (OR 0.50; 95%
CI [0.35-0.71]; P<0.001; [2=63%; Fig. 4A). Further-
more, the single high-dose statin group exhibited fewer
instances of MI following the PCI procedure and a lower

rate of all-cause mortality (OR 0.57; 95% CI [0.42-0.77];
P<0.001; 2=0% and OR 0.56; 95% CI [0.35-0.92];
P<0.001; 12=0%, respectively; Fig. 4B, C). The high-
dose statin group also displayed a significant decrease in
TVR post-PCI within a 3-month timeframe when com-
pared to the control group (OR 0.56; 95% CI [0.35-0.92];
P=0.02; 12=0%; Fig. 4D). However, the efficacy of statin
preloading before PCI, as assessed by TIMI flow grade 3
and LVEE, showed no significant differences (P=0.14 and
P=0.17; respectively; Fig. 5A, B).

The MACE outcome for each statin group and based
on Asian population were further evaluated through sub-
group analysis. Patients receiving Atorvastatin 80 mg dis-
played a notable 0.6 times reduction in the risk of MACE
within 3 months of PCI (OR 0.66; 95% CI [0.54—0.81];
P<0.001; I2=0%; Fig. 6). Similarly, the administration
of Rosuvastatin 40 mg also significantly reduced the
risk of MACE by 0.19 times after PCI (OR 0.19; 95% CI
[0.07-0.54]; P=0.002; I2=72%; Fig. 6). In the Asian pop-
ulation, single high-dose statin before PCI consistently
reduced the risk of MACE (OR 0.38; 95% CI [0.20-0.70];
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P=0.002; 12="72%; Fig. 7). A summary of the forest plot
detailing the effects of a single high-dose statin prior
to PCI compared to the control group is presented in
Table 2.

Discussion

The primary findings of this meta-analysis, encom-
passing 6207 patients from 15 RCTs, reveal that single
high-dose statin administration before PCI significantly
decreases MACE after the procedure in the ACS popu-
lation. This benefit is consistent for both Atorvastatin
80 mg and Rosuvastatin 40 mg, which are high-intensity
statins. Compared to our meta-analysis, previous meta-
analyses, although being more heterogeneous, conducted
by Patti et al. [30], Wang et al. [5], Benjo et al. [31], dan
Soud et al. [32] have shown that high-intensity statin
pretreatment can substantially reduce MACE in patients
undergoing PCI. This conclusion aligns with our meta-
analysis, indicating lower incidence of MACE, includ-
ing myocardial infarction and TVR, in cases of single
high-dose statin administration before PCI. Additionally,
Navarese et al. [33] showed that the effect of statin var-
ies with the timing of administration; the earlier statins
are given before PCI, the greater the benefit, and statin
treatment before PCI significantly reduces the onset of
myocardial infarction compared to post-PCI treatment.
Soud et al. [32] emphasized that while pre-intervention
statin use reduces MACE, the statistical significance of

statin therapy before treatment in long-term mortality
is not substantial. Conversely, our study indicates that
single high-dose statin administration before PCI also
provides benefits in terms of reducing all-cause mortal-
ity. This is likely due to all-cause mortality in our study
being predominantly influenced by cardiovascular death,
given that our study population specifically comprises
ACS patients, who have a high 30-day mortality rate due
to reinfarction compared to CCS patients.

However, loading a single high-dose statin prior to PCI
was not significantly associated with achieving TIMI flow
grade 3 or LVEF values compared to the control. Previ-
ous meta-analyses have demonstrated the benefits of
loading a single high-dose statin before PCI in preventing
the no-reflow phenomenon in the ACS population [34].
However, this cannot be equated with the attainment
of TIMI flow grade 3, as the primary goal of PCI itself
is to achieve TIMI flow grade 3 [1]. Hence, it is appar-
ent that the administration of any medication would
likely have minimal impact, as the primary goal of PCI
is inherently to attain TIMI flow grade 3. This can be
observed in our analysis where the proportion of achiev-
ing TIMI flow grade 3 in both groups was equally high
(95% vs. 94%). The lack of a significant improvement in
LVEE in contrast to the reduction in MACE in this study,
is not surprising, considering that the follow-up times
of the included studies were relatively short and domi-
nated by preserved baseline LVEF, which may mask the



de Liyis et al. The Egyptian Heart Journal (2024) 76:49 Page 10 of 15
A. Major Adverse Cardiovascular Events
Single High Dose Statin Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Rand 95% CI M-H, Rand 95% CI
Briguori 2009 34 338 52 330 138% 0.60 [0.38, 0.95) =
Guo 2014 8 47 34 45 7.3% 0.07[0.02,0.18)
Hahn 2011 14 89 22 84 10.0% 0.531[0.25,1.11) /T
Kim 2014 1] 213 9 267 1.4% 0.06 [0.00,1.10]
Kim 2015 7 30 6 37 5.8% 1.57(0.47,5.31) N
Liu 2016 35 400 56 398 14.0% 0.59(0.37,0.92) ==
Lopes 2018 81 1351 112 1359 16.0% 0.71 [0.53, 0.96] =
Mendez 2018 23 49 31 54  97% 0.66 [0.30,1.43) -
Post 2012 2 20 2 22 26% 1.11(0.14,8.72)
Wang 2013 5 62 14 63 6.7% 0.31[0.10,0.91] —
Yun 2011 22 225 45 220 126% 0.42[0.24,0.73) —
Total (95% Cl) 2824 2879 100.0% 0.50[0.35,0.71] >
Total events 231 383
Heterogeneity: Tau®= 0.18; Chi*= 27.25, df=10 (P = 0.002), F= 63% 0.&05 0f1 150 260
Test for overall effect: Z= 3.86 (P = 0.0001) Favours Single High Dose Statin Favours Control
. .
B. Myocardial Infraction
Single High Dose Statin Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Guo 2014 2 47 9 45 75% 0.18[0.04,0.87]
Kim 2014 0 213 1 267 1.1% 042[0.02,10.27)
Liu 2016 14 400 20 398 16.5% 0.69[0.34,1.38] T
Lopes 2018 46 1351 70 1359 57.4% 0.65[0.44,0.95) —-
Mendez 2018 2 49 2 54 16% 1.11[0.15,8.17]
Wang 2013 5 62 14 63 10.9% 0.31[0.10,0.91] e
Yun 2011 2 225 6 220 51% 0.32(0.06, 1.60] —
Total (95% CI) 2347 2406 100.0% 0.57[0.42,0.77] ‘
Total events 7 122
Heterogeneity: Chi*= 4.96, df= 6 (P = 0.55), F= 0% =0 01 051 150 100‘
Testfor overall effect Z= 3.68 (P = 0.0002) Favours Single High Dose Statin Favours Control
C. All-Cause Mortality
Single High Dose Statin Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Briguori 2009 1 338 0 330 06% 294[012,7237)
Guo 2014 1 47 6 45 77% 0.14(0.02,1.22]
Hahn 2011 1 89 2 84 26% 0.47(0.04,5.24]
Kim 2014 0 213 3 267 4.0% 0.18[0.01, 3.45]
Ko 2014 1 92 2 93 25% 0.50 [0.04, 5.61]
Liu 2016 5 400 8 398 10.2% 0.62[0.20, 1.90] —_—1
Lopes 2018 29 1351 43 1359 54.0% 0.67[0.42,1.08] —
Mendez 2018 3 49 6 54 69% 0.52(0.12,2.21] _ 1
Post 2012 1 20 1 22 1.2% 1.11[0.06,18.93)
Yun 2011 2 225 8 220 103% 0.24[0.05,1.13] r
Total (95% CI) 2824 2872 100.0% 0.56 [0.39, 0.81] ‘
Total events 44 79
Heterogeneity: Chi*=5.17, df= 9 (P = 0.82); F= 0% 0 61 0:1 150 160
Testfor overall effect. Z= 3.07 (P = 0.002) Favours Single High Dose Statin  Favours Control
D. Target Vessel Revascularization
Single High Dose Statin Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kim 2014 0 213 1 267 3.0% 042([0.02,10.27)
Lopes 2018 8 1351 12 1359 26.7%  067(0.27,1.64] —
Mendez 2018 5 49 9 54 172% 057([0.18,1.83] —_——1
Yun 2011 14 225 25 220 531%  052(0.26,1.02) ——
Total (95% Cl) 1838 1900 100.0% 0.56 [0.35, 0.92] <@
Total events 27 47
Heterogeneity: Chi*= 0.23, df= 3 (P = 0.97), F= 0% ?0 01 0?1 15 1001

Testfor overall effect: Z= 2.31 (P =0.02)

F

avours Single H}gh Dose Statin  Favours Control

Fig. 4 Effects of single high-dose statin pre-PCl on A Major adverse cardiovascular events (MACE), B Myocardial infarction (M), C All-cause
mortality, and D Target vessel revascularization (TVR) post-PCl compared to placebo
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A. TIMI Flow Grade
Single High Dose Statin Control 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Adel(a) 2022 28 33 25 33 31% 1.79[0.52, 6.20] —
Adel(b) 2022 32 33 25 33 06% 10.24[1.20,87.35)
Briguori 2009 337 338 330 330 1.2%  0.34(0.01,8.39)
Chen 2013 64 76 60 80 7.6% 1.78 (0.80, 3.95) p——
Hahn 2011 83 89 78 84 44% 1.06 [0.33, 3.44) ——
Kim 2014 177 213 218 267 26.8% 1.11[0.69,1.77] o
Kim 2015 22 30 33 37 65% 0.33[0.09,1.24) —T
Ko 2014 58 92 63 93 19.0% 0.81[0.44,1.49] —
Liu 2013 31 32 30 32 08% 207([0.18,24.01)
Liu 2016 397 400 391 398 2.4% 2.37(0.61,9.23] i
Lopes 2018 1333 1351 1338 1359 146% 1.16(0.62,2.19) 1T
Mendez 2018 34 49 N 54  7.4% 1.68(0.75,3.79) T
Post 2012 18 20 2 22 16% 0.43(0.04,5.13)
Yun 2011 220 225 214 220 39% 1.23[0.37,4.10) ——
Total (95% CI) 2981 3042 100.0%  1.20[0.94, 1.53] -4
Total events 2834 2857
Heterogeneity: Chi*= 13.64, df=13 (P = 0.40); F=5% 0 01 011 110 1005

Test for overall effect. Z=1.48 (P=0.14) Favours Single High Dose Statin  Favours Control

B. Left Ventricular Ejection Fraction

Single High Dose Statin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand: 95% CI IV, di 95% CI
Guo 2014 61.2 35 47 532 37 45 16.8% 8.00[6.53, 9.47) ——
Kim 2015 499 10.2 30 463 125 37 11.5% 3.60[-1.84,9.04)
Ko 2014 56.8 10.6 92 551 12 93 147% 1.70 [-1.56, 4.96] —
Liu 2013 4515 2.04 32 4498 255 32 17.0% 0.17 [-0.96, 1.30] —F
Liu 2016 63.5 286 400 623 264 398 13.9% 1.20[-2.62,5.02) —_—
Post 2012 56.9 1 20 587 M 22 9.8% -1.80[-8.46, 4.86)
Yun 2011 61 11 225 60 10 220 16.3% 1.00 [-0.95, 2.95] =
Total (95% CI) 846 847 100.0%  2.19[-0.97,5.34] T R—
Heterogeneity: Tau®= 14.90; Chi*= 74.52, df = 6 (P < 0.00001); F= 92% _%0 -5 3 é 140

Testfor overall effect: Z=1.36 (P=0.17) Favours Single High Dose Statin Favours Control

Fig. 5 Effects of single high-dose statin pre-PCl on ATIMI flow grade 3 and B Left ventricular ejection fraction (LVEF) post-PCl compared to placebo

Single high dose statin Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% ClI
3.1.1 Atorvastatin
Briguori 2009 34 338 52 330 13.8% 0.60[0.38, 0.95) -
Hahn 2011 14 89 22 84 10.0% 0.53[0.25,1.11] I
Kim 2015 7 30 6 37 5.8% 1.57 [0.47,5.31) I E—
Liu 2016 35 400 56 398 14.0% 0.59[0.37,0.92) —
Lopes 2018 81 1351 112 1359 16.0% 0.71 [0.53, 0.96) —
Mendez 2018 23 49 31 54  9.7% 0.66 [0.30, 1.43) I
Post 2012 2 20 2 22 26% 1.11[0.14,8.72)
Subtotal (95% Cl) 2277 2284 71.9% 0.66 [0.54, 0.81] L ]
Total events 196 281

Heterogeneity: Tau®= 0.00; Chi*= 3.24, df=6 (P=0.78); F= 0%
Test for overall effect: Z= 4.08 (P < 0.0001)

3.1.2 Rosuvastatin

Guo 2014 8 47 34 45  7.3% 0.07 [0.02,0.18] EE—

Kim 2014 0 213 9 267 1.4% 0.06 [0.00,1.10]

Wang 2013 5 62 14 63 6.7% 0.31[0.10,0.91)

Yun 2011 22 225 45 220 12.6% 0.421[0.24,0.73] —
Subtotal (95% Cl) 547 595 28.1% 0.19[0.07, 0.54] e
Total events 35 102

Heterogeneity: Tau®= 0.73; Chi*=10.89, df=3 (P =0.01); F=72%
Test for overall effect: Z=3.13 (P=0.002)

Total (95% CI) 2824 2879 100.0% 0.50[0.35,0.71] L2
Total events 3 383
Heterogeneity: Tau®= 0.18; Chi*= 27.25, df= 10 (P = 0.002); F=63%
Test for overall effect: Z=3.86 (P = 0.0001)

Testfor subgroup differences: Chi*=5.32, df=1 (P=0.02), F=81.2%

0.005 0.1 10 200
Favours Single High Dose Statin  Favours Control

Fig. 6 Subgroup analysis of single high-dose statin pre-PCl in MACE based on the type of statin compared to placebo
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Single High Dose Statin Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Guo 2014 8 47 34 45 14.0% 0.07 [0.02, 0.18]
Hahn 2011 14 89 22 84 17.1% 0.53 [0.25, 1.11] —
Kim 2014 0 213 9 267 3.8% 0.06 [0.00, 1.10]
Kim 2015 7 30 6 37 12.0% 1.57 [0.47, 5.31] —t—
Liu 2016 35 400 56 398 20.4% 0.59 [0.37,0.92] —a
Wang 2013 5 62 14 63 13.3% 0.31[0.10, 0.91] —
Yun 2011 22 225 45 220 19.4% 0.42 [0.24, 0.73] —
Total (95% ClI) 1066 1114 100.0% 0.38 [0.20, 0.70] R
Total events 91 186
Heterogeneity: Tau? = 0.43; Chi* = 21.51, df = 6 (P = 0.001); I = 72% t t t }
0.005 0.1 10 200
Test for overall effect: Z = 3.12 (P = 0.002) Favours Single High Dose Statin Favours Control
Fig. 7 Subgroup analysis of single high-dose statin pre-PCl in MACE based on Asian population
Table 2 Forest plots summary
Endpoints Single high-dose statin Placebo Odds ratio/ mean P values
differences [95% Cl]
Major adverse cardiovascular events (MACE) 8.18% (231/2824) 13.30% (383/2879) OR0.50[0.35-0.71] 0.0001*
Myocardial infraction (MI) 3.03% (71/2347) 5.07% (122/2406) OR0.57 [0.42-0.77] 0.0002*
All-cause mortality 1.56% (44/2824) 2.75% (79/2872) OR 0.56 [0.39-0.81] 0.0002*
Target vessel revascularization (TVR) 1.47% (27/1838) 2.47% (47/1900) OR0.56 [0.35-0.92] 0.02*
TIMI flow grade 3 95.07% (2834/2981) 03.92% (2857/3042) OR 1.20[0.94-1.53] 0.14
Left ventricular ejection fraction (LVEF) - - OR: 2.19 [-0.97-5.34] 017
MACE subgroup analysis
80 mg atorvastatin 8.61% (196/2277) 12.30% (281/2284) OR 0.66 [0.54-0.81] <0.0001*
40 mg rosuvastatin 6.40% (35/547) 17.14% (102/595) OR 0.19 [0.07-0.54] 0.002*
Asian population 8.53% (91/1066) 16.69% (186/1114%) OR 0.38 [0.20-0.70] 0.002*

*Significant <0.05

benefits of statins. Consistent with this, the benefits of a
single high-dose statin prior to PCI in improving LVEF
were observed in studies with lower baseline LVEF and
longer follow-up periods [18, 23]. Conversely, Adel et al.
[35] reported a higher LVEF in the single high-dose sta-
tin prior to PCI group at a shorter observation period (at
discharge). However, it should be noted that this study
did not report baseline LVEF in both groups, which could
potentially introduce bias in interpreting these results,
and thus, it was not included in the LVEF analysis.

The observed independent benefit of reducing MACE
by single high-dose statin prior to PCI, apart from achiev-
ing TIMI flow grade 3 and enhancing LVEF, suggests that
statins contribute not merely at the level of straightfor-
ward reperfusion but at a more intricate biomolecu-
lar level, as previously proposed by several studies [13,
36, 37]. The full extent of cardioprotective profiles from
early, high-dose statin administration in ACS patients
undergoing PCI remains unclear. However, it is theorized
that statins offer positive pleiotropic effects beyond lipid-
lowering [7]. The CANTOS trial revealed that blocking
the interleukin-1f inflammatory pathway with monoclo-
nal antibodies reduced recurrent cardiovascular events
in individuals with prior history of myocardial infarction

and heightened systemic inflammation, showed by the
values of high-sensitivity C-reactive protein (CRP) [38].
Medications that interfere with inflammation and immu-
nity pathways, such as colchicine, methotrexate, and IL-6
receptor antagonists, have been investigated for MACE
prevention with varying degrees of success in clinical tri-
als [39]. Statins exhibit anti-inflammatory properties and
lower CRP levels independently of reducing low-den-
sity lipoprotein (LDL) [40]. The combined anti-inflam-
matory and lipid-lowering actions of early high-dose
statin administration may provide protection against
MACE, even though these mechanisms are not yet fully
explained. This is supported by the included studies that
also assessed changes in various biomarkers, reporting a
linear decrease in MACE in the single high-dose statin
prior to PCI group alongside reductions in inflammatory
and remodeling biomarkers such as CRP, high-sensitivity
CRP, pro-brain natriuretic peptide, cardiac troponin I,
CK-MB, and matrix metalloproteinase-9 [16, 18, 23].
Regrettably, despite the significant reduction in MACE
with single high-dose statin prior to PCI, there is evi-
dence of differing responses to this treatment among
ACS subtypes. In the study by Lopes et al. [25], high-dose
atorvastatin significantly reduced MACE by up to 34%
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at 30 days (HR 0.66, 95% CI 0.48-0.98), but this benefit
was observed primarily in the STEMI subtype and not
in NSTE-ACS patients. Similarly, the greater benefit of
rosuvastatin compared to atorvastatin in reducing MACE
in the NSTE-ACS population may be attributed by rosu-
vastatin’s lower incidence of global and capillary inflam-
matory activities in ACS patients [41]. This improvement
could translate into better clinical outcomes. Elevated
hs-CRP values have been suggested to be a predictive
marker for new MACE and cardiovascular death, as well
as all-cause mortality in ACS patients [42]. Still, little is
known about the molecular mechanisms behind the ben-
efits of rosuvastatin in NSTE-ACS.

Furthermore, individuals who have previously received
statin medication as well as those that are naive to
statins exhibit diversity in their differential response
to the advantages of statin therapy. Wang et al. [5] and
Pan et al. [43] found that high-intensity statin therapy
in statin-naive patients has a protective effect on acute
myocardial infarction events and tricuspid valve stenosis,
while no effect was observed in patients with prior sta-
tin treatment. In contrast, Chitose et al. [44] concluded
favorable effects on periprocedural myocardial infarction
in patients not using statins and in individuals on long-
term statin therapy. Currently, there is limited literature
that can compare the outcomes of single high-dose statin
prior to PCI in patients on long-term statin therapy with
those not using statins. Owing to the inconsistent out-
comes across different trials, further research is crucial
to distinguish the effects of statins in short-term vs long-
term treatment. The impact of statin usage on outcomes
for PCI patients is being studied in ongoing clinical stud-
ies (NCT 04974814, NCT04754789).

Limitations

There are a number of limitations to take into account
when interpreting our results. Given that the majority
of the included studies were carried out in East Asia,
a number of variables, including genetic variability,
socioeconomic position, and regional differences, may
have impacted our findings. Furthermore, we did not
perform subgroup analyses based on the duration of
statin use or ACS subtypes, which may yield differ-
ent responses, as explained earlier. Furthermore, our
study’s control cohort, which included participants
receiving either a placebo, a moderate-intensity sta-
tin, or a low-intensity statin, was poorly characterized.
When it comes to endpoints, we found that there was
some variation in the impacts of bigger vs smaller stud-
ies, but we were able to address this by using a random
effects analytical approach, which yielded findings that
are more comparable and broadly applicable than those
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obtained using a fixed model. Concerning side effects,
while serious adverse events are reported to be less
than 1%, the studies documenting these side effects are
limited. Therefore, the safety outcomes cannot be con-
clusively confirmed, particularly in the Asian popula-
tion. Additionally, the presence of publication bias may
be indicated by partially asymmetric funnel plots.

Conclusions

In conclusion, our study involving patients undergo-
ing PCI for ACS revealed that a single high-dose sta-
tin administered prior to the procedure significantly
reduced the incidence of MACE, M, all-cause mortal-
ity, and TVR at three months post-PCI when compared
to the control group. This suggests that single high-
dose statin preloading may offer substantial benefits in
the context of ACS patients undergoing PCI. Notably,
subgroup analyses further demonstrated the efficacy of
80 mg atorvastatin and 40 mg rosuvastatin in reducing
the incidence of MACE. However, no significant effects
were observed on TIMI flow grade 3 or left ventricular
ejection fraction. These findings support the considera-
tion of single high-dose statin preloading as a potential
therapeutic strategy in ACS patients undergoing PCIL
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