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Abstract
Background: Preliminary evidence suggests statins may reduce major perioperative vascular events. However,
evidence is limited to observational studies, underpowered trials, and non-comprehensive systematic reviews. This
review aims to assess the effects of perioperative statin use on cardiovascular complications in patients submitted
to non-cardiac surgery.
Methods: We will search MEDLINE/PubMed, EMBASE, LILACS, CENTRAL, Web of Science, and CINAHL for randomized
controlled trials assessing the effects of perioperative statin use in adults undergoing non-cardiac surgery and reporting
cardiovascular complications. For patients already using statins for hyperlipidemia, a preoperative loading dose of statin
is required in the experimental group. We will place no language or publication restriction on our search. Teams of two
reviewers will independently assess eligibility and risk of bias, and will extract data from the included trials. Our primary
outcome is a combination of cardiovascular mortality or non-fatal myocardial infarction. We will also assess the
following outcomes: individual components of the primary outcome, all-cause mortality, total myocardial infarction,
elevated troponin in the first seven postoperative days, total stroke, total venous thromboembolism, postoperative
atrial fibrillation, elevation of creatine phosphokinase or liver enzymes, and rates of myalgia or rhabdomyolysis. We will
conduct meta-analyses using random-effects model and will use trial sequential analysis to establish monitoring
boundaries to limit global type I error due to repetitive testing for our primary outcome. We will rate the quality of
evidence using the GRADE system.
Discussion: The results of this systematic review may help to inform clinical practice and also the design of future
large-scale randomized trials.
Systematic review registration: PROSPERO CRD42016035987
Keywords: Systematic review, Meta-analysis, Randomized, Statin, Perioperative period, Surgical procedures, Trial
sequential analysis
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Background
Among the 200 million adults worldwide who undergo
non-cardiac surgery annually, over 10 million will suffer a
cardiovascular complication within 30 days after surgery
[1]. The mechanisms leading to complications such as
myocardial infarction are distinct in cardiac and noncardiac surgeries. Complications related to anastomosis,
manipulation of coronaries, myocardial perfusion during
extracorporeal circulation, and venous graft thrombosis
are associated with cardiac surgeries. Although the mechanisms leading to perioperative myocardial infarction and
other vascular complication in non-cardiac surgery are
not completely understood, alterations in homeostasis favoring a mismatch of demand and supply of oxygen as
well as plaque rupture are thought to play a role [2]. Interventions such as beta-blocker, aspirin, and clonidine have
been already assessed in previous randomized controlled
trials (RCTs), but none has been shown to be safe and effective on reducing perioperative cardiovascular complication in this setting [3–5].
Statins have a well-established benefit in primary and
secondary prevention of cardiovascular events in nonsurgical patients [6–8], as well as in patients undergoing
cardiac surgery [9]. Their anti-inflammatory and stabilizing effects on atherosclerotic lesions [10–13] make them
potential interventions to reduce cardiovascular complications in the perioperative period. Long-term use of
statins promotes vasculoprotective effect, mainly mediated by inhibition of the mevalonate pathway and oxidized low density lipoprotein (LDL) generation [14].
They also seem to improve neovascularization in experimental models [15]. Statins also have pleiotropic effects
which can be observed even in short-term users. These
effects include an anti-inflammatory action, reduction of
oxidative stress, stabilization of atheromatous plaques,
inhibition of platelet aggregation [16], and effects on
endothelial nitric oxide promoting vasorelaxation [17].
Preliminary evidence suggests that even patients already
on long-term statin therapy to reduce LDL levels, a loading dose might increase the pleiotropic effects [18].
Small-scale RCTs and observational studies suggest that
preoperative statin use may be associated to a large reduction on cardiovascular complications in patients
undergoing non-cardiac surgery. However, the evidence
is limited by the inherent risk of bias in the observational studies [19] and the low statistical power of the
RCTs [20–23].
Previous systematic reviews limited the inclusion of
trials to those assessing only statin-naïve patients [22],
only trials published in English [22], only trials published
as full-texts [23], limited to vascular surgery [21, 23], or
conducted search strategy restricted to one database
(Medical Literature Analysis and Retrieval System Online (MEDLINE)) [23]. These previous reviews did not
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calculate the optimal event size for a precise metaanalysis and conducted a trial sequential analysis (TSA)
to limit the global type I error [24]. Most of them did
not formally assess the quality of the evidence using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system [25]. Finally, several
RCTs have been completed since these reviews were
published [26–29], which requires a comprehensive
appraisal of current evidence on the use of perioperative
statins. Thus, we propose a systematic review to assess
the efficacy and safety of perioperative statin use on
cardiovascular complications in patients undergoing
non-cardiac surgery, including both naïve and patients
already on statin therapy. For the latter, statin use is defined as at least a loading dose prior to surgery.

Methods
Our review protocol has been registered with PROSPERO
(registration number CRD42016035987). This protocol is
in accordance to the preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P)
statement (Additional file 1) [30]. We followed the recommendations of the Cochrane handbook for systematic reviews of interventions for the design and analysis plan
development [31], and will follow the preferred reporting
items for systematic reviews and meta-analyses (PRISMA)
to report the results of this review [32].
Eligibility
Type of study

We will include randomized or quasi-randomized controlled trials with parallel design assessing the efficacy
and safety of statins in patients submitted to non-cardiac
surgery. Cluster randomized trials will also be included.
Randomized cross-over trials will not be included due to
carry-over effects of the intervention in the perioperative
setting.
Type of patients

We will include male and female adult patients undergoing non-cardiac surgery requiring hospital admission. For
this review, non-cardiac surgery is defined as a surgical
procedure under general or regional anesthesia, not involving manipulation of the heart (pericardium, myocardium, coronaries, and valves). Examples of non-cardiac
surgeries that may be included are vascular (aorta
aneurysm repair, peripheral vascular bypass, carotid
endarterectomy), general (visceral resection, colectomy),
thoracic (pneumonectomy, lobectomy), neurosurgery (craniotomy, major spine surgery), orthopedic (hip or knee
arthroplasty, internal fixation of bones, arthroscopy), and
major urology or gynecology surgeries (nephrectomy,
prostatectomy, hysterectomy). Studies involving both cardiac and non-cardiac surgeries will be included in the
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review; however, only data regarding the subset of patients
submitted to non-cardiac surgery will account in the
meta-analyses. If not reported in the manuscript, we will
e-mail the authors asking for the data. Percutaneous vascular intervention for atherosclerotic obstruction or
aneurysm correction will not be considered as noncardiac surgery for this review.
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reasons for exclusion in a standardized form. We will resolve any disagreement within each team by consensus
or third-part adjudication (OB or ABC). Duplicate publications or sub-studies of included trials will be listed
under the primary reference, as they may provide additional relevant information that is not available in the
original publication.

Type of intervention

Perioperative statin use, which characterizes the experimental group for our review, is defined as any use of statin before surgery (including the index day of surgery)
that could be continued or not after surgery. For trials
including patients already using statins for hypercholesterolemia, perioperative statin use is defined as any loading dose before surgery (including the index day of
surgery). Control could be (a) placebo, (b) usual care, or
(c) lower dose statin therapy.
Information sources and search strategy

An experienced librarian and the principal investigator
will construct the search strategy. We will search the
following electronic databases: MEDLINE/PubMed,
Excerpta Medica Database (EMBASE), Latin American
and Caribbean Health Sciences Literature (LILACS),
Cochrane Central Registry of Controlled Trials (CENTRAL), Web of Science, and the Cumulative Index to
Nursing and Allied Health Literature (CINAHL). We will
place no language restrictions, and we will use controlled
vocabulary whenever possible (MeSH term for MEDLINE
and CENTRAL; EMTREE for EMBASE). We will use keywords and their synonyms to sensitize the search and will
apply standard filters for the identification of RCTs. We
will adapt our MEDLINE search strategy for use with
other electronic databases. Additional file 2 shows the
planned search strategy.
Additionally, we will hand-search the reference lists of
the included studies to identify other relevant trials. Finally, we will attempt to identify unpublished or ongoing
trials by contacting experts in the field and by searching
clinical trial registries (ClinicalTrials.gov and International Clinical Trials Registry Platform).

Data extraction

Data extraction and risk of bias assessment will also be
conducted by two independent reviewers, with any disagreement resolved by consensus or a third part. We will
request any further information required from the original authors by e-mail.
We will extract the following data from the included
studies: study location, enrollment period, sample size,
baseline characteristics of the included patients, details
of the experimental and control interventions, length of
follow-up, and clinical outcomes. Specifically, we will
extract:

















Study selection

Teams of two reviewers (EAS and LKD; RAR and
PGMBS) will independently screen all retrieved citations
by reviewing titles and abstracts on the computer screen.
If at least one of the reviewers considers a citation potentially eligible, the full text will be obtained. If the reviewers cannot be sure whether a study is eligible based
on information available on the title and/or abstract,
they should retrieve the citation for full text assessment.
Then, teams of two reviewers will independently assess
the full-text to confirm eligibility and will register





Author
Year of publication
Journal of publication
Type of center participation (single center,
Multicenter)
Study location (institution, city, country)
Period of study
Funding sources
Routine measurement of postoperative cardiac
troponins
If the study included patients already receiving
statins
Type of experimental statin
Posology of the experimental statin
Days/hours of administration of statin before the
surgery
Days of administration after the surgery
Details of the control intervention
Number of randomized patients in the experimental
group and control groups
Baseline characteristics of the included patients in
each group: mean age, number of male patients,
number of patients with coronary artery disease,
with atrial fibrillation, with dyslipidemia, using
statins before the study (chronic users), using
beta-blockers, using acetylsalicylic acid or other
antiplatelet agent
Type of non-cardiac surgery performed
Information to assess risk of bias (as stated in the
“Risk of Bias Assessment” section)
Clinical outcomes (as stated in the “Outcomes”
section)
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Risk of bias assessment

Teams of two reviewers will independently assess the
risk of bias of the included studies for our primary outcome on a domain-based evaluation. The domains that
will be assessed are random sequence generation; allocation concealment; blinding of personnel, patients, and
outcome assessors; incomplete outcome data; selective
outcome reporting; and early stopping for benefit. We
will follow specific instructions of the Cochrane Collaboration’s tool for assessing risk of bias in randomized
trials [31]. We will indicate “low risk of bias,” “high risk
of bias,” or “unclear” for the domains assessed. We will
resolve any disagreement within each team by consensus
or third-part adjudication.
Outcomes

The primary outcome is a combination of cardiovascular
mortality or non-fatal myocardial infarction at 30 days. If
the authors did not report those outcomes at 30 days, we
will consider data at the nearest follow-up period reported. Secondary outcomes are as follows: all-cause mortality; cardiovascular mortality; non-fatal myocardial
infarction; total myocardial infarction (fatal and non-fatal
myocardial infarction); myocardial injury after noncardiac
surgery (MINS) defined as any elevation of cardiac troponins above the cutoff limits as defined by the local laboratory in the first seven postoperative days (as reported in
the original studies); total stroke; total venous thromboembolism (deep venous thrombosis or pulmonary embolism); postoperative atrial fibrillation; elevation of creatine
phosphokinase (CPK) or liver enzymes; and rates of myalgia or rhabdomyolysis. For eligible studies that did not report any of our outcomes of interest, we will attempt to
contact authors by e-mail to obtain unpublished outcome
data. We will consider outcome definitions as reported by
the individual studies.
Data synthesis and analysis

We will present the risk ratios (RRs) and their respective
95% confidence intervals (CIs) for the outcomes of each
trial. We will perform meta-analyses using the statistical
method of Mantel-Haenszel with random-effects model.
Subgroup analyses

We will conduct four pre-specified subgroup analyses
for the primary outcome:
1) trials categorized as at high overall risk of bias versus
trials at low overall risk of bias. We will categorize
trials at “low overall risk of bias” those at low risk of
bias in all domains assessed, while trials at high risk of
bias (or unclear) in at least one domain will be
categorize as “high overall risk of bias”.
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2) trials that included patients already using statins and
received perioperative loading doses versus trials
that included only patients that were not under
statin therapy.
3) trials grouped according to type of statins. We will
create as many subgroups as type of statins included.
4) trials assessing the effect of statins in patients
undergoing vascular surgery versus trials involving
other surgeries.

Meta-regression

We will conduct a meta-regression assessing the effect of
time of exposure to statins on our primary outcome. The
logarithms of RRs for our primary outcome, weighted by
the inverse variance of each study, will be regressed
against the number of days or hours before the surgery
that statin therapy was initiated.

Handling missing data

We will use an intention to treat as primary analysis. To
handle patients excluded from the analysis after
randomization (missing outcome data), we will conduct
a plausible worst-case sensitivity analysis in which all
subjects with missing data from one group of the study
(the group with the lower event rate) will be assumed to
have five times the event rate as those with complete
data, and those excluded from the other group were assumed to have the same event rate as subjects with
complete data [33, 34]. The rationale for the choice of
five times the event rate in subjects lost to follow-up is
that in studies examining the rate of events in subjects
who are easily followed versus those who are more difficult to follow, five times the event rate was the largest
gradient observed [33].

Heterogeneity

We will assess statistical heterogeneity across trials or
subgroups using Cochrane’s chi-squared test [31] and
Higgins’ I2 statistics to quantify the percentage of the
variability in effect estimates that is due to heterogeneity
rather than chance [31, 35]. As Cochrane’s chi-squared
test has low power as a comprehensive test of heterogeneity, especially when the number of studies is small, we
will consider P < 0.10 as statistically significant. We will
follow general thresholds to interpret I2 results: 0 to 40%
may be low heterogeneity; 30 to 60% may represent moderate heterogeneity; 50 to 90% may represent substantial
heterogeneity; and 75 to 100% considerable heterogeneity.
Nevertheless, final interpretation will consider I2 in the
context of the specific analysis alongside a qualitative assessment of the combinability of studies [31, 36].
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Publication bias

We will analyze the probability of publication bias by funnel plot if we identify at least 10 eligible RCTs assessing
our primary outcome of interest. We will consider plot
asymmetry as suggestive of reporting bias in absence of
heterogeneity or evidence of small study effect. We will
test for plot asymmetry using Egger’s test [37, 38].
Trial sequential analysis

The event size needed for a very precise meta-analysis is
at least as large as that for a single optimally powered
RCT, so we calculated the optimal event size requirement
for our meta-analysis considering a rate of 7.5% of the
combined outcome of cardiovascular mortality or nonfatal myocardial infarction in the control group [2–4],
relative risk reduction of 20%, 90% of power, and a type I
error of 5%. We established the relative risk reduction as
20% to calculate the optimal event size in order to have
adequate power to detect even a small but clinically important effect; furthermore, this is the typical effect size
observed in perioperative studies [3–5]. Thus, the observation of at least 793 events would be needed. We will
conduct a formal TSA [24] by using the optimal event size
to help to construct sequential monitoring boundaries for
our meta-analysis, analogous to interim monitoring in a
single RCT. We will establish the monitoring boundaries
limiting the global type I error to 5%. As sensitivity analyses, we will calculate the optimal event size and construct the monitoring boundaries considering a stricter
global type I error of 1%, which may be appropriate for
meta-analysis of small trials [39].
We will conduct the meta-analyses, subgroup analyses,
heterogeneity assessment, and construct funnel plot using
the Review Manager Version 5.3 (Cochrane IMS, Oxford,
UK). We will conduct meta-regression and Egger’s test
using R Software (R Foundation for Statistical Computing,
Vienna, Austria). We will use TSA software Version 0.9
Beta (Copenhagen Trial Unit, Copenhagen, Denmark) for
trial sequential analysis.
Quality of evidence

We will classify the quality of evidence generated by this
meta-analysis as high, moderate, low, or very low according to the GRADE system [25]. The quality of evidence indicates our certainty of the evidence generated
by the meta-analysis of each outcome.
According to the GRADE system, a precise result
(associated with low random error or a small P value)
is necessary but not the only criteria for an evidence to be
of high quality. The level of evidence of the meta-analysis
will be initially set as high and will be downgraded when
any of those were present: study limitations [40], imprecision of estimates of effect [41], indirectness of evidence
[42], inconsistency [36], or evidence of reporting bias [43].
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An evidence generated by studies with limitations means
that most of the included trials showed high risk of bias in
at least one domain assessed. “Imprecision” of estimates
of effect indicates that there was a non-acceptable random
error in the estimate of effect generated by the metaanalysis. “Indirectness” of evidence occurs when there
were differences between the population, intervention,
comparator, and outcome of interest, and those included
in the relevant studies. That is, there is indirectness if the
review question was not directly addressed by the available
evidence. “Inconsistency” indicates that the results of the
individual trials were different from each other. Finally,
“reporting bias” occurs when investigators failed to report
studies (typically those that show no effect), or outcomes
(typically those that may be harmful or for which no effect
was observed).
We will use the GRADEpro version 3.6 (GRADE Working Group) to construct the summary of findings table.

Discussion
Preliminary evidence suggests statins may reduce the incidence of major perioperative cardiovascular complications within 30 days after non-cardiac surgery.
Previous systematic reviews have evaluated the effects
of statins in non-cardiac surgery. A Cochrane review
pooled the results from three vascular surgery trials
(total participants, 178) and found a non-significant decrease in the risk of death and myocardial infarction at
30 days in patients that received statins [21]. The authors considered that the evidence was insufficient to
draw conclusions of whether statins resulted in either
lower or higher perioperative risks. However, the review
was published in 2013 and other trials addressing this
research question have been published since then.
A non-registered systematic review [22] assessed the effect of perioperative statins in patients undergoing surgery, including cardiac surgery. Trials involving patients
already on statin therapy were excluded. Sixteen RCTs
were included. The authors have not stated in the
“Methods” section how risk of bias was assessed across
the studies. Patients undergoing non-cardiac surgery were
evaluated in a subgroup analysis involving only three
RCTs. The reviewers showed a decrease in perioperative
risk of death (RR = 0.50; 95% CI 0.27–0.91; P = 0.02; total
of 45 events); however, for this analysis, they considered
data of the combined outcome of death from cardiovascular causes or non-fatal myocardial infarction from the
study conducted by Schouten et al. (12 combined events
in experimental group and 25 in the control group) instead of death events only [44]. Furthermore, subgroup
meta-analysis showed a reduction in myocardial infarction
rates (RR = 0.53; 95% CI 0.37–0.77; P < 0.001; total of 112
events), but pooled number of events from the study conducted by Schouten et al. were also inaccurate. The
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reviewers included number of patients that showed myocardial ischemia (27 in the experimental group and 47 in
the control) instead of myocardial infarction only (8 in the
experimental versus 17 in the control) [44].
A more recent systematic review [23] assessed the effects of statins on perioperative outcomes in vascular
and endovascular surgery. The authors included four
RCTs and 20 observational studies. Search strategy was
conducted only in MEDLINE, only studies published as
full-texts were considered, and the authors did not obtain unpublished data. Consequently, trials published before the search run date which were eligible for this
systematic review were not included [45, 46]. The metaanalysis considering only the RCTs found no difference
in all-cause mortality (odds ratio = 0.57; 95% CI 0.27–
1.17; P = 0.13; total of 30 events) and significant lower
incidence of peri-interventional myocardial infarction
(odds ratio = 0.44; 95% CI 0.22–0.91; P = 0.03; total of 37
events). Due to the low number of events, the analyses
were underpowered to provide precise results [47].
Besides, none of the previous systematic reviews calculated the optimal event size and conducted a TSA, nor
formally assessed the certainty regarding the gathered evidence using the GRADE system. Hence, a new appraisal
of the current evidence on the effect of statin use in perioperative cardiovascular complication is needed, as other
trials have been completed since these reviews were published [26–29, 45, 46]. Thus, our systematic review and
meta-analysis of RCTs can provide more reliable and powered evidence to better inform clinical practice. If the evidence gathered for our review is not of high quality
according to the GRADE system, we then can provide information for the design of an adequately powered and
definitive perioperative statin randomized trial.

Additional files
Additional file 1: PRISMA-P (Preferred Reporting Items for Systematic
review and Meta-Analysis Protocols) 2015 checklist: recommended items
to address in a systematic review protocol. (DOC 82 kb)
Additional file 2: Planned electronic database search strategy using the
following electronic databases: MEDLINE/PubMed, EMBASE, LILACS,
CENTRAL, Web of Science, and CINAHL. (DOC 46 kb)
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