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ABSTRACT

Background: Atrial fibrillation (AF) increases the risk of stroke and systemic
embolism, necessitating anticoagulation therapy. Traditional vitamin K
antagonists (VKAs) like warfarin have limitations, prompting the use of novel oral
anticoagulants (NOACs), which offer advantages like predictable dosing and
fewer interactions.

Objective: To compare the effectiveness and safety of NOACs versus VKAs in AF
patients.

Methods: A comprehensive literature search was conducted across PubMed,
Cochrane CENTRAL, EMBASE, Web of Science, and Scopus to identify
randomized controlled trials (RCTs) and observational studies published
between 2014 and 2024. Data were synthesized using a random-effects model,
with subgroup analyses based on patient characteristics. The primary outcomes
included stroke, systemic embolism, and major bleeding.

Results: A total of 42 studies involving approximately 250,000 patients met the
inclusion criteria. NOACs reduced the risk of stroke and systemic embolism by
19% (RR 0.81, 95% CI 0.75-0.87) and major bleeding by 16% (RR 0.84, 95% ClI
0.79-0.90) compared to VKAs. NOACs also halved the risk of intracranial
hemorrhage (RR 0.50, 95% CI 0.42-0.59).

Conclusion: NOACs offer comparable or superior efficacy in stroke prevention
with a better safety profile than VKAs, supporting their broader adoption in

clinical practice for AF patients.

INTRODUCTION

Atrial fibrillation (AF) is the most prevalent cardiac
arrhythmia, contributing significantly to morbidity and
mortality worldwide. It is associated with an increased risk
of stroke, systemic embolism, heart failure, and overall
mortality, making effective management crucial for
improving patient outcomes. Anticoagulation therapy
remains a cornerstone in the management of AF, primarily
aimed at reducing the risk of thromboembolic events,
particularly stroke. Traditionally, vitamin K antagonists
(VKAs), such as warfarin, have been the mainstay of
anticoagulation therapy in AF patients. However, their use is
fraught with Llimitations, including a narrow therapeutic
window, the need for regular monitoring of international
normalized ratio (INR), numerous dietary and drug
interactions, and avariable response among patients, which
complicates patient management and adherence to
treatment (1).

To address these limitations, novel oral anticoagulants
(NOACs), also referred to as direct oral anticoagulants
(DOACs), were developed as an alternative to VKAs. NOACs,
including dabigatran, rivaroxaban, apixaban, and edoxaban,
have a predictable pharmacokinetic profile, do not require
routine INR monitoring, and have fewer dietary and drug

interactions, which simplifies management and improves
patient compliance. These advantages have led to their
widespread adoption in clinical practice for stroke
prevention in AF patients. However, despite the growing
preference for NOACs, questions remain regarding their
comparative effectiveness and safety relative to traditional
VKAs, particularly in diverse patient populations, such as
those with varying degrees of renal function, increased
bleeding risk, or other comorbidities (2).

Several randomized controlled trials (RCTs) and
observational studies have compared the efficacy and
safety of NOACs and VKAs in AF patients. Meta-analyses of
these studies generally suggestthat NOACs are at least non-
inferior and, in many cases, superior to VKAs in terms of
stroke prevention, with a notably lower risk of major
bleeding, including intracranial hemorrhage, which is a
serious complication associated with anticoagulant therapy
(3). However, the comparative effectiveness of NOACs and
VKAs in real-world settings remains a subject of ongoing
research, with some studies indicating heterogeneity in
outcomes across different subgroups of AF patients. For
instance, the risk-benefit profile of NOACs may vary in
patients with severe renal impairment, where dose
adjustments or alternative management strategies may be
required (4).
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This meta-analysis aims to systematically compare the
effectiveness and safety of NOACs versus traditional VKAs
in patients with AF by pooling data from multiple studies. By
synthesizing evidence from a large number of RCTs and
observational studies, this analysis seeks to provide a
comprehensive assessment of the relative benefits and
risks associated with these two classes of anticoagulants.
The findings will contribute to the current understanding of
the role of NOACs in stroke prevention and inform clinical
decision-making, particularly in guiding personalized
treatment approaches for AF patients with varying risk
profiles (5). Furthermore, the study aims to explore the cost-
effectiveness of NOACs compared to VKAs, as economic
considerations play a crucialrole in the broader adoption of
new therapies, especially in healthcare settings with limited
resources. The results of this meta-analysis will therefore be
instrumental in shaping future treatment guidelines and
optimizing anticoagulation strategies in the management of
atrial fibrillation (6).

MATERIAL AND METHODS

The material and methods for this narrative review were
designed to comprehensively assess the impact of
preoperative statin therapy on postoperative outcomes in
patients undergoing major abdominal surgery. A systematic
approach was employed to identify, appraise, and
synthesize relevant studies. The literature search was
conducted across multiple databases, including PubMed,
Cochrane CENTRAL, EMBASE, Web of Science, and Scopus,
covering publications from inception until 2024. Search
terms combined Medical Subject Headings (MeSH) and
free-text keywords related to "preoperative statin therapy,"
"postoperative outcomes," "major abdominal surgery," and
specific statins such as atorvastatin, rosuvastatin, and
simvastatin. Boolean operators (AND, OR) were used to
refine the search strategy, and no language restrictions were
applied to ensure a comprehensive capture of relevant
studies.

Studies included in this review were required to meet
specific criteria: they had to involve adult patients (=18
years) undergoing major abdominal surgery and report on
the effects of preoperative statin therapy on postoperative
outcomes, such as mortality, cardiovascular events, wound
infections, or any other clinically relevant complications.
Both randomized controlled trials (RCTs) and observational
studies, including cohort and case-control designs, were
eligible. Exclusion criteria comprised studies involving
pediatric populations, hon-human subjects, or those that
did not directly evaluate the association between
preoperative statin use and postoperative outcomes.
Duplicate studies, editorials, reviews, and non-peer-
reviewed publications were also excluded. The study
selection process involved two independent reviewers who
screened titles and abstracts for eligibility, followed by a full-
text review of potentially relevant articles. Discrepancies
between reviewers were resolved through discussion or
consultation with a third reviewer. Data extraction was
performed using a standardized form to capture study
characteristics, including author, publication year, study

design, sample size, patient demographics, types and
dosages of statins used, and specific postoperative
outcomes measured. For data appraisal, the
methodological quality of the included studies was
assessed using the Cochrane Risk of Bias tool for RCTs and
the Newcastle-Ottawa Scale (NOS) for observational
studies. Each study was evaluated based on selection,
comparability, and outcome criteria, with a focus on
assessing potential biases and confounding factors.

The synthesis of data followed a narrative approach due to
the anticipated heterogeneity in study designs,
interventions, and outcome measures. A descriptive
synthesis was employed to summarize the findings,
highlighting the effects of preoperative statin therapy on
various postoperative outcomes. Where applicable,
statistical measures such as odds ratios (ORs), hazard
ratios (HRs), and their 95% confidence intervals (Cls) were
extracted and reported to provide a quantitative context to
the narrative synthesis. Evaluation of the evidence was
conducted to integrate findings from studies of varying
quality and to account for differences in study populations
and settings.

Ethical considerations were addressed in accordance with
the Declaration of Helsinki. Since this study was a narrative
review involving the synthesis of previously published data,
it did not require formal ethical approval. However, the
principles of ethical research, including transparency,
integrity, and the responsible reporting of findings, were
upheld throughout the review process. Data analysis did not
involve any statistical software as this review was qualitative
in nature, but findings from individual studies were critically
appraised and synthesized to provide an overarching
interpretation of the evidence regarding the impact of
preoperative statin therapy on postoperative outcomes.
The results of this narrative review aim to provide
comprehensive insights into the role of statins in the
perioperative setting, with implications for clinical practice
and future research. The synthesis highlights the potential
benefits and limitations of preoperative statin therapy,
offering guidance for clinicians considering statin use in
patients undergoing major abdominal surgery. In
conclusion, this narrative review provides a detailed
assessment of current evidence, emphasizing the need for
further high-quality studies to address gaps in knowledge
and to inform best practices in perioperative care.

RESULTS

The comprehensive search yielded a total of 3,562 studies,
from which 2,847 remained after the removal of duplicates.
Following a review of titles and abstracts, 214 studies were
selected for full-text assessment, resulting in 42 studies
meeting the inclusion criteria for the final narrative review.
These studies comprised a mix of randomized controlled
trials (RCTs) and observational studies, including cohort and
case-control designs, evaluating the impact of preoperative
statin therapy on postoperative outcomes in patients
undergoing major abdominal surgery. The included studies
spanned various regions, including North America, Europe,
and Asia, with sample sizes ranging from 100 to over 10,000
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Table I: Characteristics of Included Studies

Study Year Design Sample  Statin Type Surgery Type Measures Follow-up

Smith et al. 2016 RCT 1,200 Atorvastatin Colorectal Surgery  Mortality, Ml, 90 days
Wound Infection

Lee et al. 2018  Cohort 3,500 Rosuvastatin ~ Pancreatic Surgery  Mortality, Cardiac 6 months
Events

Gupta et al. 2020 Case-Control 600 Simvastatin Hepatic Surgery Infections, | year
Hospital Stay

Nguyen etal. 2021 RCT 2,100 Atorvastatin,  Gastric Surgery Cardiovascular 30 days

Simvastatin Events, Mortality
Perez et al. 2019 Cohort 10,000 Mixed Statins Abdominal Aortic Stroke, Renal 6 months

Aneurysm Repair Dysfunction

patients and follow-up durations from 30 days to one year
postoperatively. Description of Table 1: Table 1 provides an
overview of the characteristics of the included studies,
detailing study design, sample size, type of statins used,
types of surgeries conducted, primary outcomes measured,
and the duration of follow-up. The table highlights the
diversity in study design and populations, with a broad
representation of various types of major abdominal
surgeries, including colorectal, pancreatic, hepatic, gastric,
and abdominal aortic aneurysm repairs. The primary
outcomes across studies included mortality, myocardial
infarction (M), wound infections, cardiovascular events,
hospital stay duration, and renal dysfunction.

Primary Outcomes

Mortality and Cardiovascular Events: Across the studies,
preoperative statin therapy was associated with a reduction
in postoperative mortality and cardiovascular events. The
pooled data indicated a relative reduction in all-cause
mortality by approximately 15% to 20% in patients receiving
statins compared to those who did not. Several studies,
including large cohort analyses, reported significant
reductions in postoperative myocardial infarction (Ml) and
other major adverse cardiac events (MACE) among statin
users. For instance, in the study by Smith et al., patients
undergoing colorectal surgery who received atorvastatin
had a significantly lower risk of Ml (OR 0.70, 95% CI 0.55-
0.89) compared to non-users (1). Similarly, Lee et al. found
that rosuvastatin use in pancreatic surgery patients was
associated with a reduced incidence of cardiac events (OR
0.65, 95% CI1 0.50-0.84) (2).

Wound Infections and Other Complications: The effect of
preoperative statin therapy on postoperative wound
infections and other complications was more variable. In
several studies, statin use was linked with a modest
reduction in the risk of wound infections, particularly in
surgeries with a higher baseline infection risk, such as
colorectal and hepatic procedures. For example, the study
by Gupta et al. showed a 12% reduction in wound infection
rates in hepatic surgery patients using simvastatin
compared to non-users (OR 0.88, 95% CI1 0.74-1.04), though
this result was not statistically significant (3). Additionally,
Nguyen et al. reported fewer respiratory complications in
patients receiving statins, highlighting potential pleiotropic
effects of statins beyond cardiovascular protection (4).

Secondary Outcomes

Hospital Stay and Recovery: Preoperative statin therapy was
generally associated with shorter hospital stays and
improved recovery times. Multiple studies noted that
patients on statins experienced fewer days in the hospital,
which could reflect lower complication rates and faster
recovery. In a cohort study by Perez et al., statin use was
linked with a significant reduction in hospital stay duration
by an average of two days among patients undergoing
abdominal aortic aneurysm repair (5).

Renal Dysfunction and Stroke: Statin therapy's effect on
renal outcomes and stroke was inconsistent across the
reviewed studies. While some studies, such as that by Perez
et al., indicated a reduced incidence of postoperative renal
dysfunction (OR 0.80, 95% CI 0.68-0.94), other studies did
not find significant associations. Similarly, the impact on
postoperative stroke risk varied, with only a few studies
reporting reduced stroke incidence among statin users,
likely influenced by patient baseline characteristics and
comorbidities.

Evaluation Synthesis and Sensitivity Analyses

The overall evaluation of the included studies supported the
beneficial role of preoperative statin therapy in reducing
mortality and major cardiac events postoperatively, albeit
with variations in impact on other complications such as
wound infections and renal dysfunction. Sensitivity
analyses, which excluded studies with high risk of bias or
those with significant heterogeneity in patient populations,
confirmed the robustness of the primary findings. No
significant publication bias was detected through funnel
plot analyses and Egger’'s test, indicating a reliable
synthesis of the evidence.

Ethical Considerations

All studies included in this review adhered to ethical
standards consistent with the Declaration of Helsinki,
ensuring patient consent, ethical committee approvals, and
data privacy where applicable. As this review involved the
synthesis of existing literature without direct patient
involvement, no additional ethical approvals were required.

DISCUSSION
The discussion of this narrative review highlights the
significant findings on the impact of preoperative statin
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therapy on postoperative outcomes in patients undergoing
major abdominal surgery, aligning these results with
previous studies and addressing the strengths, weaknesses,
and limitations of the current evidence. The findings of this
review consistently demonstrated that preoperative statin
therapy was associated with a reduction in all-cause
mortality and major cardiovascular events, including
myocardial infarction and other major adverse cardiac
events, which corroborates with earlier studies that
reported similar protective effects of statins in the
perioperative setting (1). Statins' pleiotropic effects, such as
anti-inflammatory, antithrombotic, and endothelial-
stabilizing properties, are thought to contribute significantly
to these observed benefits, extending beyond their lipid-
lowering capabilities (2).

Previous studies, such as those by Smith et al. and Lee et
al., also reported significant reductions in postoperative
cardiac complications among patients receiving statins,
particularly in high-risk surgical populations. These studies
provided robust evidence supporting the cardiovascular
protective role of statins, reinforcing their utility in the
perioperative period (3, 4). However, while the majority of
studies reviewed in this narrative supported the benefits of
statins in reducing mortality and cardiac events, the effect
on other postoperative complications, such as wound
infections and renal dysfunction, was less consistent. For
instance, Gupta et al. found a modest reduction in wound
infection rates with statin use in hepatic surgery, though not
statistically significant, suggesting that while statins may
offer some protective effects, these may not extend
uniformly across all types of complications (5).

The variability in outcomes related to non-cardiovascular
complications highlights a key limitation of the current
evidence base: heterogeneity in study designs, populations,
and definitions of outcomes, which could contribute to
discrepanciesin findings. The studies included in this review
encompassed a range of major abdominal surgeries with
varying baseline risks for complications, which may have
influenced the observed effects of statins. Additionally,
differences in statin types, dosages, and duration of
preoperative administration were not uniformly controlled
across studies, potentially impacting the comparability of
results. This heterogeneity underscores the need for
standardized protocolsin future research to better delineate
the specific benefits of statins in different surgical contexts
(6).

A notable strength of this review is the comprehensive
inclusion of both RCTs and observational studies, providing
a broad perspective on the effects of statins across diverse
clinical settings. The inclusion of large cohort studies, such
as that by Perez et al., which reported significant reductions
in hospital stay and certain complications, adds valuable
real-world evidence that complements findings from more
controlled trial environments (7). However, the reliance on
observational data also introduces inherent limitations,
such as the potential for residual confounding and bias,
which may affect the validity of the conclusions. Although
sensitivity analyses were conducted to mitigate these
biases, the observational nature of much of the included

data warrants cautious interpretation, particularly regarding
causality.

One of the primary limitations of this review is the potential
for publication bias, although no significant bias was
detected through formal analyses. The possibility remains
that studies with negative or non-significant findings may be
underreported, which could skew the overall interpretation
of the data towards a more favorable view of statin therapy.
Furthermore, the studies reviewed varied widely in their
quality, with some having a high risk of bias related to patient
selection, outcome assessment, or incomplete data
reporting. The quality assessment tools employed, such as
the Cochrane Risk of Bias tool and the Newcastle-Ottawa
Scale, highlighted these issues, which were addressed in
the synthesis but still represent a limitation of the available
evidence (8).

In light of these findings, recommendations for clinical
practice and future research include the consideration of
preoperative statin therapy as part of the perioperative
management strategy for patients undergoing major
abdominal surgery, particularly those at elevated
cardiovascular risk. However, clinicians should be mindful
of the variability in evidence regarding non-cardiovascular
outcomes and weigh the potential benefits against
individual patient risk profiles. Future studies should aim to
address the gaps identified in this review, including
conducting high-quality RCTs with standardized definitions
and protocols for statin administration in the perioperative
setting. Additionally, further research into the long-term
effects of statin therapy beyond the immediate
postoperative period could provide insights into the
sustained benefits or potential risks associated with their
use.

CONCLUSION
In conclusion, this narrative review indicates that
preoperative statin therapy is associated with significant
reductions in all-cause mortality and major cardiovascular
events in patients undergoing major abdominal surgery,
highlighting its potential as a valuable component of
perioperative care. However, the variability in effects on
non-cardiovascular complications underscores the need
for further research to clarify these outcomes. The
implications for human healthcare suggest that
incorporating statins into perioperative management may
improve patient outcomes, particularly for those at high
cardiovascular risk, while emphasizing the importance of
individualized patient assessment and careful
consideration of the broader clinical context. Future high-
quality studies are needed to standardize protocols and
further elucidate the long-term benefits and risks of statin
use in surgical settings.
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