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Abstract

Background Atrial fibrillation (AF) poses a significant stroke risk in heart disease patients. This systematic review aims
to evaluate the efficacy and safety of non-vitamin K oral antagonists (NOACs) versus vitamin K antagonists (VKAS)
in AF patients with and without any valvular heart disease (VHD/N-VHD).

Methods A systematic search was conducted on PubMed, Scopus, and Google Scholar up to March 3, 2022. Efficacy
and safety parameters were analyzed.

Results A total of 85,423 subjects from 10 studies were included in this meta-analysis. NOACs and VKAs showed simi-
lar effects on ischemic stroke in AF patients with VHD/N-VHD (RR 0.97; 95% ClI 0.72-1.30; p=0.83) and also on systemic
embolic events (RR 1.02; 95% Cl 0.83-1.25; p=0.86). Similar effects were seen in VHD and N-VHD subgroups. Both
treatments had similar effects on myocardial infarction in AF patients with VHD/N-VHD (RR 0.79; 95% Cl 0.49-1.26;
p=0.32),VHD (RR 0.78; 95% Cl 0.59-1.02; p=0.07), and N-VHD subgroups (RR 0.82; 95% C| 0.30-2.21; p=0.69). NOACs
reduced the risk of intracranial bleeding in AF VHD/N-VHD (RR 0.64; 95% CI 0.54-0.77; p<0.0001), VHD (RR 0.59; 95%

(1 0.42-0.82; p=0.002), and N-VHD subgroups (RR 0.70; 95% CI 0.57-0.85; p=0.0003). Additionally, NOACs reduced

the risk of gastrointestinal bleeding in AF VHD/N-VHD (RR 0.80; 95% ClI 0.66-0.96; p=0.02), specifically in the VHD
subgroup (RR 0.69; 95% Cl 0.54-0.89; p=0.004). Moreover, NOACs were associated with a decreased risk for minor

and non-fatal bleeding in AF patients with VHD/N-VHD (RR 0.86; 95% CI 0.75-0.99; p=0.04).

Conclusion NOACs are effective and safe for ischemic stroke, systemic embolic events, myocardial infarction, intrac-
ranial bleeding, and gastrointestinal bleeding in AF patients with VHD/N-VHD.

Keywords Atrial fibrillation, Valvular heart disease, Vitamin K, Warfarin

Background A variety of symptoms, including but not limited to chest

Atrial fibrillation (AF) is a common kind of heart arrhyth-
mia. AF develops when tachyarrhythmia, an irregular
electrical action in the heart’s atrium, starts fibrillation.
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pain, palpitations, fast heartbeat, difficulty breathing,
nausea, vertigo, profuse perspiration, and weakness, can
accompany atrial fibrillation (AF) [1-3]. In establishing
the diagnosis of AF, the electrocardiogram (ECG) exami-
nations are crucial in confirming the diagnosis of atrial
fibrillation (AF). The electrocardiogram (ECG) reveals a
complex narrow pattern that is “irregularly irregular” and
does not contain any discernible p waves. With ventricu-
lar rates ranging from 80 to 180 beats per minute, fibrillar

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0002-0188-0500
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43044-024-00535-w&domain=pdf

Adji and de Liyis The Egyptian Heart Journal ~ (2024) 76:102

waves might or might not be visible [4]. Age, hyperten-
sion, preexisting cardiac conditions, congenital heart
defects, and alcohol consumption are all risk factors for
atrial fibrillation [1-3].

Management of cardioversion in AF can be achieved
through pharmacological or electrical means. Intrave-
nous amiodarone is the only available antiarrhythmic
medication in Egypt for acute AF cardioversion, and it
can take between 6 and 16 h to be effective [5]. Identify-
ing clinical factors that predict early successful cardiover-
sion can help in deciding whether to use pharmacological
or electrical cardioversion, potentially reducing hospital
stay and associated costs. For instance, the use of antiar-
rhythmic agents such as encainide, digoxin, and amiodar-
one has been associated with an increased propensity for
rhythm conversion in patients undergoing cardioversion
[6, 7].

Atrial fibrillation (AF) in valvular heart disease (VHD)
remains a concern. According to the 2023 ACC/AHA/
ACCP/HRS guidelines, VHD encompasses any dysfunc-
tion or abnormality in one or more of the heart’s four
valves: the aortic, mitral, pulmonary, and tricuspid valves.
These issues can manifest as stenosis (a narrowing that
restricts blood flow) or regurgitation (backward leakage
due to improper valve closure). If not properly managed,
VHD can result in significant morbidity and mortal-
ity [8]. Based on the 2021 ESC/EACTS guidelines, the
management of valvular heart disease (VHD) varies sig-
nificantly depending on the type and severity of the valve
dysfunction. For mild cases, conservative management
with regular monitoring is typically recommended; life-
style modifications and medical management are needed;
contributing conditions like hypertension or heart failure
may be recommended. In moderate cases, medical ther-
apy is often employed to manage symptoms and prevent
complications, with interventions considered if symp-
toms worsen. For severe cases, more aggressive interven-
tions such as valve repair or replacement are necessary;
options include valve repair or replacement, which can
be done via traditional open-heart surgery or mini-
mally invasive techniques like transcatheter aortic valve
replacement (TAVR) or mitral valve repair. The choice
between surgical and transcatheter techniques depends
on various factors, including patient-specific characteris-
tics, procedural risks, and the expertise of the heart team.
The guidelines emphasize individualized treatment plans
and the importance of a multidisciplinary approach to
optimize patient outcomes [9].

In cases of cardiac disease, AF is the primary deter-
minant of stroke risk [10]. Because of the irregular
heartbeat, the patient’s blood flow becomes turbulent,
increasing the risk of thrombus formation and, in the
worst-case scenario, a stroke [1-3]. The occurrence of
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AF has been on the rise worldwide. The prevalence of
AF seems to increase with age. By the year 2050, the
number of individuals diagnosed with atrial fibrillation
will probably have increased by a factor of two or three.
Atrial fibrillation affects more than 9 percent of individu-
als 75 and older, despite a global prevalence of less than
1%. Atrial fibrillation (AF) is 22% more common in peo-
ple aged 80 and up [11, 12]. The incidence of atrial fibril-
lation (AF) is higher in developed nations compared to
less developed ones, and it affects males more often than
women [13].

Anticoagulants, rate-controlling medications, rhythm,
cardioversion, ablation, and other cardiac operations
can lower the risk of stroke in persons with atrial fibrilla-
tion (AF) [1-3]. Vitamin K antagonists (VKAs) and non-
vitamin K oral anticoagulants (NOACs) are necessary
for the anticoagulation of atrial fibrillation (AF), which is
intended to prevent stroke. The use of VKAs persisted in
falling after the four NOACs—dabigatran, rivaroxaban,
apixaban, and edoxaban—were agreed upon [14]. When
comparing warfarin with NOAC, the only group that
warrants an exception are patients who have mechanical
heart valves and moderate to severe mitral stenosis (MS)
[15, 16]. When compared to VKA, NOAC is just as effec-
tive and safer in reducing the risk of stroke or bleeding, if
not safer [17, 18].

A decreased incidence of blood loss events equiva-
lent to VKA was associated with the combined therapy
strategy involving NOAC. Triple antithrombotic therapy
(TAT) considerably decreased risk when added to dual
antithrombotic therapy (DAT). Compared to TAT with
VKA and dual antiplatelet therapy (DAPT), DAT with
NOAC and single antiplatelet therapy (SAPT) reduced
the relative risk (RR 0.63; 95% CI 0.50—0.80) by 37%. Nei-
ther VKA nor treatment approaches involving a com-
bination of NOAC were associated with a lower risk of
stroke or death in prior research [19]. Thus, in order to
prevent AF patients from developing valvular heart dis-
ease (VHD), a comprehensive evaluation of therapeutic
approaches is required, including the use of NOAC or
VKA for stroke prevention.

Methods

This systematic review was conducted on the PRISMA
protocol [20]. The registration number for this review
procedure is CRD42022357998, and it is part of the

International Prospective Register of Systematic Reviews
(PROSPERO).

Eligibility criteria

For the sake of this meta-analysis, we strictly adhered to
inclusion and exclusion criteria. Valvular AF is defined
as AF occurring in patients with mitral stenosis (MS),
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mitral regurgitation (MR), aortic stenosis (AS), aortic
regurgitation (AR), mechanical heart valves, or those
who have undergone valve replacement. These condi-
tions are considered inclusion criteria for valvular AF. In
contrast, non-valvular AF is defined as AF not caused by
a heart valve issue. Studies included in this meta-analysis
specifically addressed either valvular or non-valvular AF.
We excluded studies that did not focus on individuals
with AF related to valvular or non-valvular heart disease
(N-VHD). The following criteria were also considered:
(1) efficacy in the form of an ischemic stroke; (2) safety
in the form of myocardial infarction, intracranial bleed-
ing, or gastrointestinal bleeding; (3) the use of a cross-
sectional, cohort, or case—control study design; and (4)
the research had to have been written in English. On the
flip side, we did not include trials that did not compare
NOAC:S to warfarin or that did not have appropriate out-
come measures. Additionally, in order to guarantee that
the results were applicable to the intended group of AF
patients, data from non-human studies were also omitted
from the study.

Search strategy and selection of studies

A number of databases were searched in order to find
pertinent subjects up until March 2022 including Pub-
Med, ScienceDirect, and Google Scholar. Formula search
terms included “anticoagulant,” “NOAC,” “novel oral anti-
coagulant,” “VKA, “vitamin K antagonist,” “atrial fibril-
lation,” “stroke,” “intracranial hemorrhage, “vascular
heart disease,” and “non-vascular heart disease” Boolean
“AND” and “OR” were also utilized. By perusing the pub-
lications’ citations, we were able to uncover additional
studies that were comparable or pertinent.

Data extraction

Designated investigators (A.S.A. and B.G.L.) painstak-
ingly extracted relevant data using a predetermined data
extraction form after relevant studies were selected.
Study features including author, publication year, and
study design were among the many aspects covered
by the extracted data. Additionally, participant demo-
graphics, interventions administered (including type and
dosage of NOACs or warfarin), and reported outcome
measures were systematically recorded. To maintain the
integrity and precision of the data extraction process, a
thorough cross-checking procedure was implemented.
Another investigator independently reviewed the
extracted data to verify its accuracy and completeness,
thereby mitigating the risk of errors or omissions. This
stringent validation process ensured the reliability and
robustness of the extracted data for subsequent analysis.
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Quality assessment

The Newcastle-Ottawa Scale (NOS), developed for use
in non-randomized research designs, was used to con-
duct additional evaluations of each of the publications
that were included in the list. There are three points for
exposure determination, four for patient selection, and
two for group comparability in the NOS. Total scores
could range from O (very bad) to 9 (excellent). The
Cochrane risk-of-bias instrument for randomized tri-
als, second edition (RoB 2), was utilized to assess RCT
publications for potential bias in a more comprehensive
manner. The RoB2 tools automatically do all computa-
tions and evaluations in accordance with five critical
areas [21, 22]. The quality evaluation was carried out
by two researchers (A.S.A.). If any conflicts arise dur-
ing this evaluation period, the researchers will work
together to find a solution.

Outcome measure

The analysis considered several outcome measures,
encompassing efficacy and safety. Efficacy was evalu-
ated in terms of ischemic stroke incidence, while safety
endpoints included myocardial infarction, intracranial
bleeding, and gastrointestinal bleeding.

Data synthesis and statistical analysis

Every outcome measure in this study had its own
pooled risk ratio (RR) and 95% CI, which were deter-
mined by a meta-analysis. To determine how het-
erogeneous the included studies were, we used the I
statistic. Patients undergoing atrial fibrillation can be
categorized into subgroups according to the presence
or absence of ventricular HF and non-ventricular HF.
The results will also be subjected to sensitivity analy-
sis to ensure their robustness. Statistical significance
was defined as a p value less than 0.05. With the help of
Review Manager 5.4, we ran the statistical analysis [23].

Results

Study selection process and quality assessment

After searching online sources such as PubMed, Sci-
enceDirect, and Google Scholar, the authors discov-
ered four studies out of 4730. After being rejected for
reasons that are yet unclear, 49 studies were kept. Six
studies were deemed eligible for assessment following
paper content and paper-accessible screening. The total
report of 6 new included studies, and the previous is
10. Here is a flowchart that summarizes the complete
literature search process according to the PRISMA
Guideline: (Fig. 1).
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Table 1 shows the outcomes of interest associated with
AF with or without VHD, as determined by a total of
ten investigations [24-33], involving 85,423 individu-
als. With four studies each, Asia, the United States,
and Europe accounted for the bulk of the participants.
Three months to three and a half years was the range of
the follow-up duration.

Table 2 shows the categorization of the ten included
studies according to the methodologies used to deter-
mine their risk of bias. Using the Newcastle—Ottawa
Scale (NOS), six studies were evaluated; five of them
were deemed to have good quality, while one was deemed
to have fair/moderate quality. All of the studies that were
considered by RoB to have a low risk of bias, with the
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Table 2 Study outcome
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No Author, year Intervention drug Comparator

Treatment duration

Major outcomes

Risk of bias
/ quality of
study

1 Breithardt et al, 2014 Rivaroxaban Warfarin

2 Avezum et al,, 2015 Apixaban Warfarin

3 Ezekowitz et al, 2016 Dabigatran Warfarin

4 Caterinaetal,2017  Edoxaban Warfarin

5 Kanai et al, 2017 NOAC VKA

6 Moon et al,, 2019 NOAC Warfarin

840 days

30 months

36 months

3.5 years

4 years

1.4 years

In both individuals

with and without SVD, rivar-
oxaban showed a compara-
ble risk of stroke or systemic
embolism to that of warfarin.
Patients were randomized

to fixe dose rivaroxaban

20 mg once daily; 15 mg daily
for individuals with moderate
renal impairment (creatinine
clearance of 30-49 mL/min)

There was no evidence
suggesting that apixa-

ban provided greater
benefits than warfarin

in reducing the occur-
rence of strokes in patients
with VHD or N-VHD. The
dose of apixaban were
randomly, 5 mg twice daily
and 2.5 mg (by =2 of the fol-
lowing: age > 80 years, body
weight <60 kg, or serum
creatinine = 133 pumol/L

(1.5 mg/dL)

In individuals with either VHD
or N-VHD, the occurrence

of strokes was less fre-

quent among those

treated with dabigatran

150 mg compared to those
on warfarin. However,

the rates of stroke were
similar between patients

on warfarin and those taking
dabigatran 110 mg, irrespec-
tive of whether they had VHD
or N-vHD

In individuals without VHD, it
seems that edoxaban showed
a more favorable outcome

in terms of lowering overall
mortality and the combined
occurrence of death or severe
stroke compared to warfarin

Using NOACs for secondary
prevention post-stroke could
potentially offer greater ben-
efits compared to VKAs, as it
may decrease the volume

of recurrent infarcts

When comparing NOACs
with warfarin, it was found
that NOACs were associ-
ated with decreased risks
of ischemic stroke, major
bleeding events, overall
mortality, and a combined
outcome

Low

Low

Low

Low

Good

Fair
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Table 2 (continued)

No Author, year Intervention drug Comparator Treatment duration Major outcomes Risk of bias
/ quality of
study

7 Kimetal, 2020 VKA Dabigatran, Apixaban, 12 months In both groups of patients Good

Rivaroxaban, Edoxaban continuing their medica-
tion and those just starting
treatment, the rate of dis-
continuation was notably
lower with NOACs compared
to VKAS

8 Lietal, 2021 NOAC Warfarin 6.0 months for NOAC In individuals with AF Good

and 7.7 months for war-  and VHD, NOACs dem-
farin onstrated a similar risk
of ischemic stroke and bleed-
ing when compared
to warfarin
9  Melgaard etal, 2021  Warfarin NOAC 3 years In individuals with atrial Good

10  Strange etal, 2021 VKA

Rivaroxaban and apixaban 2 years

fibrillation and aortic stenosis,
NOACs showed a higher
likelihood of thromboem-
bolism but a reduced risk

of severe bleeding compared
to warfarin

Patients diagnosed with AF Fair
and VHD who were adminis-

tered VKASs versus Factor Xa
inhibitors did not show any
notable variances in the like-
lihoods of experiencing

all-cause mortality, stroke,

or hemorrhage. Rivaroxaban

20 mg once daily and apixa-

ban 5 mg twice daily

Table 3 Summary of results

End Point AF with Valvular Heart Disease and Non-Valvular Heart Disease

VHD N:WRR (95% Cl) N-VHD N:WRR (95% Cl) p value
Efficacy
Ischemic stroke 0.88 (0.75-1.04) 1.13(0.64-1.99) 0.83
Systemic embolic events 1.09 (0.78-1.53) 0.94 (0.83-1.07) 0.86
Safety
Myocardial infraction 0.78 (0.59-1.02) 0.82(0.30-2.21) 032
Intracranial bleeding 0.59 (042-0.82) 0.70 (0.57-0.85) 0.00001"
Gastrointestinal bleeding 0.69 (0.54-0.89) 0.96 (0.69-1.34) 002"
Minor and non-fatal bleeding 0.93(0.81-1.07) 0.82(0.66-0.99) 0.04*

Cl Confidence interval, N NOAC (Non-Vitamin K Antagonist), N-VHD Non-Valvular Heart Disease, RR Risk ratio, VHD Valvular Heart Disease, W Warfarin

exception of four others, indicate that the studies that
were included are of good quality.

Efficacy of non-vitamin k oral antagonists versus warfarin
Table 3 offers a concise evaluation of the safety and effec-
tiveness of NOACs compared to warfarin in treating

atrial fibrillation (AF) in individuals with and without
valvular heart disease (VHD).

Ischemic stroke

In Fig. 2, a total of 10 studies represents the total num-
ber of participants in each treatment group across all
the included studies. There were 53,750 participants in
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NOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 VHD
Avezum etal 2015 60 2438 87 2370 6.9% 0.67[0.48,0.93)
Breithardt et al 2014 242 968 285 1035 7.3% 0.91[0.78,1.05) —1E
Caterina etal 2017 434 1869 234 955 7.3% 0.95[0.83,1.09] g I
Ezekowitz et al 2016 589 2646 286 1304 7.4% 1.01[0.90,1.15) T
Lie etal 2021 935 5833 937 5833 7.4% 1.00[0.92,1.08] =
Melgaard et al 2021 658 2357 448 1369 7.4% 0.85[0.77,0.94] o
Moon etal 2019 69 2792 152 2371 7.0% 0.39[0.29, 0.51) AT T
Strange et al 2021 274 1562 132 1115 7.2% 1.481[1.22,1.80] e
Subtotal (95% Cl) 20465 16352 57.9% 0.88 [0.75, 1.04] RS
Total events 3261 2561
Heterogeneity: Tau®= 0.05; Chi*= 72.01, df=7 (P < 0.00001); = 90%
Test for overall effect. Z=1.54 (P=0.12)
1.1.2 NVHD
Avezum et al 2015 139 6681 163 6708 7.2% 0.86 [0.68,1.07) S
Breithardt et al 2014 1258 6163 1339 6098 7.4% 0.93[0.87,1.00] =
Caterina etal 2017 3535 12154 1755 6098 7.4% 1.01 [0.96, 1.086] T
Ezekowitz et al 2016 2077 5059 1001 9103 7.4% 3.73[3.49,3.99) =
Kanai etal 2017 13 70 10 K| 5.3% 0.581(0.28,1.17)
Kim et al 2020 694 3158 170 7895 7.3% 1.03[0.89,1.19) 7]
Subtotal (95% ClI) 33285 28833 42.1% 1.13[0.64, 1.99] =S
Total events 7716 4438
Heterogeneity: Tau®= 0.48; Chi*=1172.03, df=5 (P < 0.00001); F=100%
Test for overall effect. Z=0.42 (P = 0.68)
Total (95% Cl) 53750 45185 100.0% 0.97 [0.72, 1.30] -ea B
Total events 10877 6999
Heterogeneity: Tau®= 0.31; Chi*=1385.50, df=13 (P < 0.00001); F= 99% 0?5 0=T 1?5 é

Test for overall effect: Z=0.21 (P = 0.83)
Test for subgroup differences: Chi*= 0.68, df=1 {(P=0.41), F=0%

Fig. 2 Forest plot of NOACs vs VKAs in ischemic stroke

the studies treated with NOACs and 45,185 participants
treated with VKAs. We found no statistical difference
between NOACs and VKAs in relation to ischemic stroke
in VHD “(RR 0.88; 95% CI 0.75-1.04; p=0.12; *=90%)”
and N-VHD “(RR 1.13; 95% CI 0.64-1.99; p=0.68;
12=100%)” when we pooled our data. When it came to
ischemic stroke, NOACs and VKAs had comparable
effects in AF patients with VHD/N-VHD “(RR 0.97; 95%
C10.72-1.30; p=0.83; *=99%)”

Systemic embolic events (SEE)

In Fig. 3, the comparison of systemic embolic events
between non-vitamin K oral anticoagulants (NOACs)
and warfarin in atrial fibrillation (AF) patients with
and without valvular heart disease (VHD) shows varied
results. For patients with VHD, the relative risk (RR) of
systemic embolic events was 1.09 (95% CI 0.78-1.53),
indicating no significant difference between NOACs and
warfarin. For patients without VHD (N-VHD), the RR
was 0.94 (95% CI 0.83-1.07), also suggesting no signifi-
cant difference between the two treatments. Overall, the
pooled analysis found no statistical difference between
NOACs and warfarin regarding systemic embolic events

Favours [NOACs] Favours [VKAS]

in AF patients regardless of the presence of VHD, with an
RR of 0.86.

Safety of non-vitamin k oral antagonists versus warfarin
Myocardial infraction

Figure 4 shows the results of the ten studies that looked
at the risk ratio of AF patients with and without VHD in
MI and how NOACs compared to VKAs. In the VHD
“RR 0.78; 95% CI 0.59-1.02; p=0.07; *=94%)” and
N-VHD “(RR 0.82; 95% CI 0.30-2.21; p=0.69; I>=99%)”
groups, our combined analysis did not find a statistically
significant difference in the risk of MI between NOACs
and VKAs. Comparing NOAC and VKA effects on MI
in AF patients with VHD/N-VHD, we find that they are
similar “(RR 0.79; 95% CI 0.49-1.26; p=0.32; > =99%)

Intracranial bleeding

Figure 5 shows the results of 10 trials that demonstrated
a decreased incidence of intracranial bleeding in patients
with atrial fibrillation, regardless of whether they had
valvular heart disease (VHD) or not, and in those who
used NOAC:s instead of VKAs. We found that compared
to VKAs, NOACs significantly reduce the incidence
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NOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.11.1 VHD
Avezum et al 2015 64 2438 89 2370 122% 0.70[0.51, 0.96] =)
Breithardt et al 2014 269 5318 306 8853 156% 1.46[1.25,1.72) -
Caterina etal 2017 82 1869 50 955 11.6% 0.84[0.59,1.18] =u[k
Strange et al 2021 274 1562 132 1115 14.9% 1.481(1.22,1.80] &3
Subtotal (95% Cl) 11187 13293 54.3% 1.09 [0.78, 1.53] Loy
Total events 689 577

Heterogeneity: Tau®= 0.10; Chi*= 24.82, df= 3 (P < 0.0001); F= 88%
Test for overall effect: Z=0.50 (P = 0.62)

1.11.2 NVHD
Avezum et al 2015 148 6681 176 6708 14.4% 0.84 [0.68, 1.05) ==
Breithardt et al 2014 231 61863 256 6098 153% 0.89[0.75, 1.086] -
Caterina etal 2017 594 12154 286 6098 16.0% 1.04[0.81,1.20] ¥
Subtotal (95% Cl) 24998 18904 45.7% 0.94[0.83,1.07] 4
Total events 973 718
Heterogeneity: Tau*=0.01, Chi*=3.36,df=2 (P=0.19); F= 41%
Test for overall effect. Z=0.94 (P = 0.35)
Total (95% CI) 36185 32197 100.0% 1.02[0.83, 1.25] Q
Total events 1662 1295
Heterageneity: Tau®= 0.06; Chi*= 43.35, df= 6 (P < 0.00001); = 86% 50 o1 D=1 140 100’
Test for overall effect: Z=0.18 (P = 0.86) : Favouirs [NOACs] Favours [VKAS]
Test for subgroun differences: Chi*= 0.64, df=1 {P=042), F=0%
Fig. 3 Forest plot of NOACs vs VKAs in systemic embolic events
NOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.3.1 VHD
Avezum et al 2015 14 2438 26 2370 69% 0.521[0.27,1.00]
Breithardt et al 2014 110 968 130 1035 7.8% 0.80[0.71,1.15) e [
Caterina etal 2017 50 1869 29 955 7.4% 0.88 [0.56, 1.38] o [
Ezekowitz et al 2016 501 2646 212 1304 7.9% 1.16[1.01,1.35) [
Lie etal 2021 429 5833 444 5833 7.9% 0.97[0.85,1.10] =
Melgaard et al 2021 270 2357 380 1369 7.9% 0.41 [0.36, 0.48] v
Moon etal 2019 93 2792 117 2371 7.7% 0.72[0.55,0.93) Goe 3
Strange etal 2021 488 1562 415 1115  7.9% 0.84 [0.76,0.93) gy
Subtotal (95% CI) 20465 16352 61.3% 0.78 [0.59, 1.02] <
Total events 1961 1753
Heterogeneity: Tau®=0.13; Chi*=122.61, df=7 (P <= 0.00001); I*= 94%
Test for overall effect. Z=1.82 (P=0.07)
1.3.2 NVHD
Avezum etal 2015 44 6681 43 6708 75% 1.03 [0.68, 1.56) T
Breithardt et al 2014 549 6163 579 6098 7.9% 0.94 [0.84,1.05) &
Caterina etal 2017 251 12154 112 6098 7.8% 1.121[0.90,1.40] b
Ezekowitz et al 2016 1586 5059 756 9103  7.9% 3.77[3.49,4.09] v
Kanai etal 2017 0 70 0 K| Not estimable
Kim et al 2020 39 3158 116 795  T76% 0.08[0.06,012) ——
Subtotal (95% CI) 33285 28833 38.7% 0.82[0.30, 2.21] B —
Total events 2469 1606
Heterogeneity: Tau®=1.28; Chi*= 768.47, df= 4 (P < 0.00001); I*= 99%
Test for overall effect: Z= 0.40 (P = 0.69)
Total (95% Cl) 53750 45185 100.0% 0.79 [0.49, 1.26] R
Total events 4430 3359
Heterogeneity: Tau®= 0.73; Chi®=1332.92, df=12 (P < 0.00001); F=99% 051 052 055 é é 1?0
Test for overall effect: Z=0.99 (P = 0.32) : Favdurs [NOACs] Favours [VKAS]

Testfor subaroup differences: Chi*=0.01, df=1 (P =0.93), F=0%
Fig. 4 Forest plot of NOACs vs VKAs in myocardial infraction
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NOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.41VHD
Avezum etal 2015 10 2438 34 2370 41% 0.29[0.14,0.58]
Breithardt et al 2014 13 968 21 1035  42% 0.66[0.33,1.31] -
Caterina etal 2017 37 1869 160 955  9.8% 1.01 [0.85,1.20] o
Ezekowitz et al 2016 16 2646 483 1304 5.3% 0.16 [0.09, 0.29] e
Lie etal 2021 116 5833 114 5833 88% 1.02[0.79,1.31] &
Melgaard et al 2021 152 2357 129 1369 9.2% 0.68 [0.55, 0.86) o
Moon etal 2019 32 2792 60 2371 6.7% 0.45[0.30, 0.69] e
Strange et al 2021 74 1562 65 1115 8.0% 0.81[0.59,1.12) ==
Subtotal (95% CI) 20465 16352 56.1% 0.59 [0.42, 0.82] &
Total events 730 631
Heterogeneity: Tau®= 0.19; Chi*= 58.40, df=7 (P < 0.00001); F= 88%
Test for overall effect. Z=3.08 (P = 0.002)
1.4.2 NVHD
Avezum et al 2015 42 6681 88 6708 75% 0.48[0.33, 0.69) ST
Breithardt et al 2014 42 6163 72 6098 7.3% 0.58 [0.40, 0.84)] e
Caterina etal 2017 1261 12154 763 6098 105% 0.83[0.76, 0.90] *
Ezekowitz et al 2016 49 5059 132 9103 8.0% 0.67[0.48,0.93] o
Kanaietal 2017 3 70 4 | 1.4% 0.33[0.08,1.40] S |
Kim et al 2020 334 3158 95 795  9.3% 0.89[0.71,1.10] =1
Subtotal (95% CI) 33285 28833 43.9% 0.70 [0.57, 0.85] ®
Total events 1731 1154
Heterogeneity: Tau*= 0.03; Chi*=14.59, df=5 (P = 0.01); F= 66%
Test for overall effect: Z= 3.58 (P = 0.0003)
Total (95% CI) 53750 45185 100.0% 0.64 [0.54, 0.77] &
Total events 2461 1785
Heterogeneity: Tau®= 0.08; Chi*= 72.96, df= 13 (P < 0.00001); F=82% IU 01 D=1 110 1005

Test for overall effect. Z=4.76 (P < 0.00001)
Test for subgroup differences: Chi*=0.75,df=1 (P=0.39), F=0%
Fig. 5 Forest plot of NOACs vs VKAs in intracranial bleeding

of intracranial hemorrhage in valvular heart disease
patients by 41% in VHD “(RR 0.59; 95% CI 0.42-0.82;
p=0.002; ?=88%)" and by 30% in non-valvular heart
disease patients “(RR 0.70; 95% CI 0.57-0.85; p=0.0003;
P=66%)” The risk of cerebral hemorrhage was gener-
ally decreased by NOACs “(RR 0.64; 95% CI 0.54—0.77;
p<0.0001; >=82%)”

Gastrointestinal bleeding

In terms of the risk ratio of gastrointestinal bleeding in
patients with AF and those without VHD, Fig. 6 displays
the results of ten trials that compared NOACs and VKAs.
When we combined the data from the studies, we found
that NOACs were far more likely to cause gastrointestinal
bleeding than VKAs. A 31% reduction in the incidence
of cerebral hemorrhage was observed in patients with
VHD when NOACs were used instead of VKAs “(RR
0.69; 95% CI 0.54—0.89; p=0.004; I*=95%). However, in
patients without VHD, the opposite was true “(RR 0.96;
95% CI 0.69-1.34; p=0.83; >=96%)” Patients with atrial
fibrillation who did not have ventricular fibrillation and
who used NOACs had a reduced risk of gastrointestinal
bleeding “(RR 0.80; 95% CI 0.66—0.96; p=0.02; > =96%)”

Favours [NOACs] Favours [VKAS]

Minor and non-fatal bleeding
Figure 7 shows the results of the three studies that looked
at the risk ratio of AF patients with and without VHD
in minor and non-fatal bleeding and how NOACs com-
pared to VKAs. In the VHD “(RR 0.93; 95% CI 0.81-1.07;
p=0.32; F=31%)” and N-VHD “(RR 0.82; 95% CI 0.66—
1.02; p=0.07; *=93%)” groups, our analyses did not find
a statistically significant difference in the risk of minor
and non-fatal bleeding between NOACs and VKAs.
However, comparing NOAC and VKA effects in AF
patients with VHD/N-VHD, we found that NOACs were
associated with a decreased risk for minor and non-fatal
bleeding “(RR 0.86; 95% CI 0.75-0.99; p =0.04; P=85%)”
The end points that were evaluated showed gener-
ally symmetrical funnel plots with estimable odds ratios
(Fig. 8), suggesting that there was no major publication
bias.

Discussions

This meta-analysis assessed the safety and effective-
ness of oral anticoagulants with and without vitamin K
antagonists, drawing on data from 10 trials with 85,423
participants. The trials included warfarin, a drug that
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NOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 VHD
Avezum et al 2015 1469 2438 1869 2370 8.5% 0.76[0.74,0.79] .
Breithardt et al 2014 a8 968 68 1035 69% 1.38[1.02,1.88] =
Caterina etal 2017 55 1869 38 955 6.1% 0.74[0.49,1.11] —=
Ezekowitz et al 2016 209 2646 264 1304 7.9% 0.39[0.33, 0.46] ==
Lie etal 2021 525 5833 509 5833 8.2% 1.03[0.92,1.16] T
Melgaard et al 2021 152 2357 129 1369 7.6% 0.68 [0.55, 0.86) E
Moon etal 2019 43 2792 125 2371 6.6% 0.29[0.21,0.41) .
Strange etal 2021 74 1562 65 1115 6.8% 0.81[0.59,1.12] o=
Subtotal (95% Cl) 20465 16352 58.5% 0.69 [0.54, 0.89] ¢
Total events 2615 3067
Heterogeneity: Tau®=0.11; Chi*=132.43, df= 7 (P < 0.00001); IF= 95%
Test for overall effect. Z=2.87 (P = 0.004)
1.5.2 NVHD
Avezum et al 2015 887 6681 1191 6708 8.4% 0.75[0.69,0.81] *
Breithardt et al 2014 307 6163 318 6098 B8.0% 0.96[0.82,1.11] B
Caterina etal 2017 304 12154 151 6098 7.8% 1.01[0.83,1.22] T
Ezekowitz et al 2016 532 5059 587 9103 8.2% 1.63[1.46,1.82] e
Kanaietal 2017 3 70 4 | 1.4% 0.33[0.08,1.40] =
Kim et al 2020 334 3158 95 795  76% 0.891[0.71,1.10] -
Subtotal (95% CI) 33285 28833 41.5% 0.96 [0.69, 1.34] @
Total events 2367 2346
Heterogeneity: Tau®= 0.14; Chi*=126.03, df=5 (P < 0.00001); I*= 96%
Test for overall effect. Z=0.22 (P=0.83)
Total (95% CI) 53750 45185 100.0% 0.80 [0.66, 0.96] &
Total events 49382 5413
Heterogeneity: Tau®=0.11; Chi*= 317.04, df=13 (P < 0.00001); F= 96% =D 01 0*1 1?0 100*
Test for overall effect. Z=2.38 (P=0.02) ) Favou-rs [NOACs] Favours [VKAs]
Test for subgroup differences: Chi*= 245, df=1{P=012), F=59.1%

Fig. 6 Forest plot of NOACs vs VKAs in gastrointestinal bleeding

NOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.10.1 VHD
Avezum et al 2015 92 2438 116 2370 121% 0.77 [0.59,1.01)
Breithardt et al 2014 165 968 172 1035 15.2% 1.03[0.84,1.25) TR - —
Caterina etal 2017 306 1869 165 955 16.3% 0.95[0.80,1.13] ST
Subtotal (95% CI) 5275 4360 43.6% 0.93[0.81, 1.07] ST
Total events 563 453
Heterogeneity: Tau®*= 0.00; Chi*=2.89, df=2 (P=0.24); F=31%
Test for overall effect: Z=0.99 (P = 0.32)
1.10.2 NVHD
Avezum et al 2015 194 6681 289 6708 16.0% 0.65([0.55 078 ——*——
Breithardt et al 2014 915 6163 891 6098 20.0% 1.02[0.93,1.11) T i
Caterina etal 2017 1710 12154 1072 6098 205% 0.80[0.75, 0.86] e
Subtotal (95% CI) 24998 18904 56.4% 0.82[0.66, 1.02] e
Total events 2819 2262
Heterogeneity: Tau®= 0.03; Chi*= 28.20, df= 2 (P < 0.00001); F= 93%
Test for overall effect: Z=1.82 (P = 0.07)
Total (95% Cl) 30273 23264 100.0% 0.86 [0.75, 0.99] -
Total events 3382 2715
Heterogeneity: Tau®= 0.02; Chi*= 32.92, df= 5 (P < 0.00001); F= 85% 05? 0 55 152 1=5

Test for overall effect: Z= 2.06 (P = 0.04)

Testfor subdroun differences: Chi*= 095, df=1 {P=0.33), F=0%
Fig. 7 Forest plot of NOACs vs VKAs in minor and non-fatal bleeding

Favours NOACs Favours VKAs
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Fig. 8 Funnel plot of publication bias for A Ischemic Stroke, B Systemic Embolic Events, C Myocardial Infraction, D Intracranial Bleeding, E

Gastrointestinal Bleeding and F Minor and Non-Fatal Bleeding

blocks the effects of vitamin K. Our research shows that
NOAC:s greatly decrease the likelihood of bleeding in the
brain and gastrointestinal system. This study shows that
there is no statistical difference between NOACs and
VKAs in relation to ischemic stroke, systemic embolic
events (SEE), risk of MI, and minor and non-fatal bleed-
ing. However, comparing NOAC and VKA effects in AF
patients with VHD/N-VHD, we found that NOACs were
associated with a decreased risk for minor and non-fatal
bleeding. This result is in line with the previous study
which reported that there is no significant difference
between the NOACs compared to warfarin in terms of
all-cause mortality and MI, but the risk of major bleed-
ing events was found lower in patients receiving NOACs
[34]. The results of the comparison between VKAs and
NOACs may have different meanings and may differ
significantly when analyzed separately for AF VHD and
N-VHD. Combining these results may obscure poten-
tial differences as this study reported no significant dif-
ference was observed between DOACs and VKAs in AF
regardless of AF etiology.

In this study, VHD classifications included aortic ste-
nosis (AS), aortic regurgitation (AR), tricuspid regurgi-
tation (TR), MS, and mitral regurgitation (MR). Among
the included studies, the population receiving NOACs
and warfarin for ischemic stroke and SEE was more fre-
quent in AF patients with MR (22,250 patients). This
study found no statistical difference between NOACs and
VKAs in preventing ischemic stroke and SEE. According
to Fanaroff et al, in patients with AF and MR, NOACs

have been shown to be as effective as VKAs in reducing
the risk of stroke and systemic embolism. Pivotal tri-
als demonstrated that the effect of NOACs compared
to VKAs on the primary efficacy endpoint of stroke and
systemic embolism was similar for patients with and
without valvular heart disease, including those with MR.
Specifically, the rate of stroke and systemic embolism
per 100 patient-years in patients with valvular heart dis-
ease treated with VKAs was 1.56, while it was 0.83 for
those treated with NOACs in the ROCKET-AF trial [35,
36]. Connolly et al. (2022) enrolled 4531 patients with
rheumatic heart disease-associated atrial fibrillation to
compare the efficacy of non-vitamin K antagonist oral
anticoagulants (NOACs), specifically rivaroxaban, with
vitamin K antagonists (VKAs). The study found that
VKA therapy led to a lower rate of a composite of cardio-
vascular events or death compared to rivaroxaban, with-
out a higher rate of major bleeding. Additionally, VKA
therapy resulted in a lower rate of ischemic stroke and
lower mortality due to vascular causes. These findings
support current guidelines recommending VKA therapy
for stroke prevention in patients with rheumatic heart
disease and atrial fibrillation [37]. Consequently, NOACs
are recommended over VKAs in patients with AF and
MR. In terms of efficacy and safety, Melgaard et al. found
that NOACs were associated with a significantly higher
risk of thromboembolism compared to warfarin in AF
patients with AS, but NOACs were associated with a sig-
nificantly lower risk of major bleeding compared to war-
farin in the same patient group. Furthermore, according
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to the guidelines from the American College of Cardiol-
ogy (ACC) and the American Heart Association (AHA),
NOAC: are not recommended for AF patients with mod-
erate to severe MS due to the absence of supporting evi-
dence in the literature [38].

A number of studies have looked at the effectiveness
and safety of various anticoagulants in atrial fibrillation
patients in relation to bleeding [34]. In order to lessen
the likelihood of bleeding and systemic embolism, this
research illuminate the best ways to manage this group
of patients. Dabigatran reduced the risk of bleeding in
patients with non-valvular AF (NVAF) in the RE-LY trial
when compared to other NOACs, including rivaroxaban
and apixaban. Patients with NVAF who are more likely to
experience bleeding should be evaluated for the possibil-
ity of using dabigatran as a therapeutic option. However,
each patient’s specific circumstances and considerations
should be considered before selecting an anticoagulant
[39-41].

Continuing from the previous point, it is crucial to
think about the effects of ischemic stroke and MI when
managing AF [42]. Ischemic stroke is a major concern
for patients with atrial fibrillation due to the higher fre-
quency of thromboembolic events [43]. There is evi-
dence that NOAC:s are superior to warfarin in preventing
ischemic stroke and systemic embolism in patients with
atrial fibrillation and native VHD. Apixaban, Dabigatran,
and Edoxaban are NOACs that have been shown to
decrease hemorrhagic events; however, Rivaroxaban has
been associated with an alarming increase in significant
bleeding episodes. It is crucial to consider the patient’s
risk profile and bleeding tendency before choosing an
anticoagulant [44].

Preventing myocardial infarction (MI) is another
important therapeutic concern in AF treatment [45].
Treatment decisions should take into consideration the
risk of myocardial infarction (MI) and its effects, even
if the primary objective of anticoagulant medication is
to prevent thromboembolic events. It is important to
closely monitor and alter dosages of warfarin as previous
research has shown that its effects might vary and that
it can interact with other drugs and foods. In contrast,
NOAC:s have the potential to improve patient adherence
and treatment results through their streamlined dose
regimens and reduced requirement for anticoagulation
monitoring [46].

Treatment choices are further complicated when
patients with AF undergoing percutaneous coronary
intervention (PCI) must also decide on antithrombotic
medication [47]. When compared to warfarin-based regi-
mens, the bleeding risk and effectiveness of NOACs com-
bined with single or double antiplatelet therapy are equal,
suggesting that they are not inferior. When choosing an
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antithrombotic medication for atrial fibrillation patients
having a percutaneous coronary intervention (PCI) at
the same time, it is important to weigh the risks of stent
thrombosis, stroke, and bleeding complications [48, 49].

Compliance with NOAC doses and the efficacy of AF
medication may interact with one another. Dose once
daily has been linked to better patient adherence without
sacrificing effectiveness or safety, whereas twice-day dose
regimens may provide a more stable risk—benefit profile
for stroke prevention. In addition, the patient’s prefer-
ences, lifestyle characteristics, renal function, and bleed-
ing risk should be considered when deciding between
NOACs and VKAs [50, 51].

Overall, AF therapy necessitates a holistic strategy
that harmonizes thromboembolic event avoidance with
bleeding and other adverse outcome risk assessment [52].
Anticoagulant therapy, particularly NOACs, has revolu-
tionized the treatment of AF by offering improved safety,
efficacy, and convenience compared to traditional VKA
therapy. However, the selection of the most appropriate
anticoagulant should be guided by careful consideration
of individual patient characteristics and preferences, as
well as the presence of concomitant conditions such as
ischemic stroke and myocardial infarction. By tailoring
treatment strategies to the specific needs of each patient,
healthcare providers can optimize outcomes and enhance
the quality of care for individuals with AF [51].

Conclusions

The findings of this study indicate that both NOACs and
VKAs exhibit comparable efficacy in preventing ischemic
stroke in AF patients, regardless of the presence of VHD
or N-VHD. Both treatment modalities also demonstrate
similar effectiveness in reducing the incidence of myo-
cardial infarction in these patient populations. Impor-
tantly, NOAC:s significantly reduce the risk of intracranial
bleeding in both VHD and N-VHD patients. In addition,
NOAC:s are associated with a decreased risk of gastroin-
testinal bleeding specifically in VHD patients, although
this effect does not reach statistical significance in the
N-VHD subgroup. Moreover, NOACs are linked to a
lower risk of minor and non-fatal bleeding in AF patients
with either VHD or N-VHD. These results suggest that
NOACs offer a favorable safety profile compared to
VKAs, particularly in terms of bleeding complications.
However, it is crucial to interpret these findings in the
context of current clinical guidelines and to consider
potential variations in treatment recommendations for
different patient populations.

Limitation
The included studies presented heterogeneity in the
duration of the treatment given to patients. Moreover,
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in some studies, with a rather short follow-up period,
long-term outcomes may not be captured. Further-
more, mitral stenosis (MS) was absent in 50% of this
research, and only about 1.6% of the total patient num-
ber in the review had MS. This significant underrepre-
sentation of patients with MS is not clearly mentioned
or discussed as a limitation. In short, although NOACs
appear to be a safer choice over VKAs, especially for
bleeding risks, further research with a more homogene-
ous study population and longer follow-up is needed to
confirm these findings and guide clinical guidelines.
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