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Abstract

In the past decade, direct oral anticoagulants (DOACSs) have proven to be the best
option for patients with nonvalvular atrial fibrillation. Nevertheless, evidence for the
use of DOAC:s for anticoagulation in valvular atrial fibrillation, particularly after aortic
valve replacement, remains inadequate. Thus, we conducted a meta-analysis to
compare the efficacy and safety of vitamin K antagonists (VKAs) and DOACs in
patients with atrial fibrillation after transcatheter aortic valve replacement (TAVR).
We conducted a comprehensive search of online databases, and 11 studies were
included in the final analysis. The primary endpoint was all-cause mortality.
Secondary endpoints included stroke and cardiovascular death. The safe endpoint
is major and/or life-threatening bleeding. Subgroup analysis was conducted
according to the different follow-up time of each study. Random-effects models
were used for all outcomes. Statistical heterogeneity was assessed using x? tests and
quantified using I? statistics. Patients in the DOACs group had a significantly lower
risk of all-cause mortality compared with patients in the VKAs group (relative
risk [RR]: 1.20, 95% confidence interval [Cl]: 1.01-1.43, p =.04). This benefit may be
greater with longer follow-up. In a subgroup analysis based on the length of follow-
up, a significantly lower risk of all-cause mortality was found in the DOACs group in
the subgroup with a follow-up time of >12 months (RR: 1.50, 95% ClI: 1.07-2.09,
p=.001). There were no significant differences between the two groups in
cardiovascular death, stroke, and major and/or life-threatening bleeding. For
patients with atrial fibrillation after TAVR, the use of DOACs may be superior to
VKAs, and the benefit may be greater with longer follow-up. The anticoagulant

strategy for atrial fibrillation after TAVR is a valuable direction for future research.
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1 | INTRODUCTION

As the population ages, the incidence, prevalence, and mortality of
aortic valve disease, particularly calcific aortic valve disease, has risen
substantially, contributing significantly to the disease burden among
the elderly.>? Patients with mild aortic stenosis (AS) may remain
asymptomatic for many years.® Once severe aortic stenosis develops,
the symptoms and condition deteriorate, and conservative medical
treatment tends to have a poor prognosis, quality of life, and long-
term survival unless surgery or intervention is performed.** Surgical
aortic valve replacement (SAVR) is a traditional treatment for AS, but
it is characterized by high surgical trauma and high surgical risk.
Structural cardiac interventions have advanced by leaps and bounds
in recent years, with transcatheter aortic valve replacement (TAVR)
emerging as an alternative treatment for patients with symptomatic
AS, inoperable aortic valve stenosis, or high risk of SAVR.® With the
gradual maturity of TAVR therapy, the therapeutic effect has been
significantly improved and the indications are becoming more and
more extensive. For symptomatic severe AS patients with low
surgical risk, there was no significant difference in all-cause mortality,
stroke or myocardial infarction, or prosthetic valve failure in patients
after TAVR compared to those who received SAVR.”

Prior and new atrial fibrillation (AF) is common in patients with
severe AS receiving TAVR, and AF is associated with increased
mortality and adverse ischemic and bleeding events.2 Warfarin is the
main anticoagulant therapy for stroke prevention in patients with AF,
but it has disadvantages such as narrow treatment window, variable
dose-response, interaction with drugs and food, and the need for
international normalized ratio (INR) detection.”'° Randomized clinical
trials have demonstrated that DOAC is as good or better than
warfarin for antithrombotic therapy in patients with AF.12"1* The
guidelines recommend DOACs as the first choice for anticoagulant
therapy in patients with DOACs indications.’> DOACs are increas-
ingly being used in place of warfarin, but the evidence for their
effectiveness and safety in patients with valvular AF remains
limited.” The 2021 ESC/EACTS (European Society of Cardiology/
European Association for Cardio-Thoracic Surgery) guidelines for the
management of valvular heart disease recommend that patients with
TAVR without anticoagulant indications receive single antiplatelet
drug therapy for life after 3-6 months of dual antiplatelet therapy
(Class | recommendation, Level A evidence). In addition, lifetime
anticoagulant therapy is recommended for patients with antic-
oagulant indications (Class | recommendation, Level B evidence).'®
Due to the scarcity of data on patients after TAVR, no strong
anticoagulation recommendations have been made so far. The
ATLANTIS (Alteplase Thrombolysis for Acute Noninterventional
Therapy in Ischemic Stroke) trial failed to demonstrate the superiority
of full-dose apixaban over the current standard of treatment in
patients with or without indications for oral anticoagulants, apixaban
was not different from standard care for the primary endpoint of
death, stroke, myocardial infarction, systemic embolism, intracardiac
or valvular thrombosis, deep vein thrombosis/pulmonary embolism,
or major bleeding.'” The ENVISAGE-TAVI AF (Edoxaban Compared
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to Standard Care After Heart Valve Replacement Using a Catheter in
Patients With Atrial Fibrillation) trial evaluated the efficacy and safety
of edoxaban and VKAs in AF patients after TAVR. The results showed
that edoxaban was not inferior to VKA in terms of combined adverse
events, but increased the risk of major bleeding.'®

Compared with VKAs, the effect of DOACs on AF after TAVR
has not been thoroughly studied, so we conducted a meta-analysis to
compare the efficacy and safety of VKAs and DOACs in patients with
AF after TAVR.

2 | MATERIALS AND METHODS

2.1 | Data sources and study search strategy

We conducted a comprehensive search of studies comparing the
efficacy and safety of VKAs or DOACs in patients with AF after
TAVR in PubMed, Cochrane Central Register of Controlled Trials
(CENTRAL), and ClinicalTrials.gov websites. The search term included
“transcatheter aortic valve implantation or transcatheter aortic valve
replacement, or TAVI or TAVR; AF; anticoagulation or anticoagulant
or antithrombotic or vitamin K antagonist or VKA or Coumadin or
Warfarin or novel oral anticoagulant or NOAC or direct oral
anticoagulant or DOAC or Dabigatran or Apixaban or Rivaroxaban
or Edoxaban”.

2.2 | Inclusion and exclusion criteria

Studies were included in our meta-analysis when the following
criteria were met: (1) The study is limited to English and human
subjects. (2) The study compared the efficacy or safety of VKAs and
DOACs in patients with AF after TAVR. (3) At least one of these
outcomes was reported in the study: all-cause mortality, death from
cardiovascular causes, stroke, and major and/or life-threatening
bleeding.

2.3 | Data extraction and endpoints

All data were independently extracted from text, tables, and graphs
by two authors (J. Y. and M. L.). Disagreements among reviewers
were resolved through discussion to reach a consensus. The primary
endpoint of this meta-analysis was all-cause mortality (death from all
causes). Secondary endpoints were stroke (ischemic stroke) and
cardiovascular death (death from cardiovascular causes). The safety

endpoint is major and/or life-threatening bleeding.

2.4 | Methodological quality

Two investigators independently assessed the methodological quality
of the included studies. The quality of randomized controlled trial
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(RCT), controlled clinical trial (CCT), and cohort studies was assessed

1,Y? the Nonrandom

using the Cochrane Risk of Bias Collaboration Too
Research Methodology Index (MINORS),2° and the Newcastle-Ottawa
Scale (NOS).2* The comprehensive effect used relative risk (RR), with a
confidence interval (Cl) of 95%. A two-sided p value was used, and
p < .05 was considered significant. Random-effects models were used
for all outcomes. Statistical heterogeneity was assessed using the chi-
squared test (p<.10 was considered statistically significant for
heterogeneity) and was quantified using the I? statistic. Subgroup
analysis by follow-up time was performed to further analyze the
statistical results and explore possible sources of heterogeneity. The
publication bias was tested by Egger regression to test the asymmetry
of the funnel chart. We conducted sensitivity analysis by eliminating
each included study one by one, looking for potential sources of
heterogeneity. The above data were analyzed using Review Manager
(RevMan version 5.4.1) and Stata (16.0) software.

3 | RESULTS

The literature retrieval and screening process are shown in Figure 1.
According to the search strategy, a total of 738 articles and 1 trial
from the American College of Cardiology Annual Scientific Session
were searched and recorded. Twenty-eight duplicate articles were
removed. After scanning the titles and abstracts, 672 irrelevant
reports were excluded. Read the full text of the remaining 39 records.

Finally, a total of 39 full-text articles were read, and 11

The main characteristics of the included studies and population
are shown in Table 1. The RCTs were evaluated as high quality
(Supporting Information: Figure 1), the CCT had a global ideal score
being 21 (>16) (Supporting Information: Table 1), and all cohort studies
were considered of high quality because of the scores ranging from 7
to 9, with an average of 7.875 (Supporting Information: Table 2). We
evaluated the publication bias of the outcome indicators with a funnel

plot, and the results are shown in Supporting Information: Figure 2.

3.1 | Primary endpoint

A total of 11 studies reported all-cause deaths, and pooled analysis
showed statistically significant differences between the VKAs and
DOACs groups (RR: 1.20, 95% Cl: 1.01-1.43, p =.04) (Figure 2A),
with moderate heterogeneity (I?=55.31%, p=.045). Sensitivity
analysis was conducted by excluding each study item by item and

the results remained stable after removing each study individually.

3.2 | Secondary endpoints

Five studies reported cardiovascular death, and meta-analysis
demonstrated no statistical difference in cardiovascular death
between patients in the VKAs group and those in the DOACs group
(RR: 1.05, 95% Cl: 0.81-1.36, p =.72) (Figure 2B), with no statistical
heterogeneity (I = 0.00%, p =.369). When each study was excluded,
the results remained stable.

studies” 1822730 met the eligibility criteria.
— Articles identified in Additional articles
preliminary search(n=738) identified through other
.5 sources(n=1)
z
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o
5 v v
o Articles after removing duplicates
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ot
=
£ :
2 .
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Full-text articles excluded
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the final
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FIGURE 1 Flow diagram for the study
search process
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(A) All-cause deaths

VKAs DOACs Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
ATLANTIS 23 205 23 200 —*— 0.98[ 0.57, 1.69] 7.13
Butt et al 113 403 30 189 - 1.60[ 1.10, 2.31] 11.39
ENVISAGE-TAVI AF 93 620 85 628 E 3 1.09[ 0.83, 1.44] 14.69
Geis et al 11 161 12 142 —=F— 0.82[ 0.37, 1.81] 4.10
Jochheim et al 70 566 47 279 -t 0.76 [ 0.54, 1.08] 12.21
Kalogeras et al 16 86 13 102 — 1.39[ 0.70, 2.74] 5.18
Kosmidou et al 207 571 33 122 - 1.25[ 0.90, 1.73] 12.89
OCEAN 36 140 23 204 —— 2.02[ 1.24, 3.28] 8.38
Mangner et al 4 113 1 181 6.22[ 0.70, 54.99] 0.64
Seeger et al 5 126 2 139 — 2.69[ 053, 13.63] 1.12
Tanawuttivatetal 2,367 10,637 1,284 6,843 [ | 1.15[ 1.08, 1.23] 22.26
Overall > 1.20[ 1.01, 1.43]
Heterogeneity: 7 =0.04, I = 55.31%, H* = 2.24
Testof @= @ Q(10) = 18.67, p = 0.04
Test of 6=0:z=2.03, p=0.04
12 2 32
Random-effects REML model
(B) Cardiovascular death
VKAs DOACs Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
ENVISAGE-TAVIAF 46 667 49 664 0.94[ 0.64, 1.38] 44.06
Geis et al 0 172 1 153 0.30[ 0.01, 7.28] 0.65
Jochheim et al 24 612 14 312 0.88[ 0.46, 1.68] 15.98
Kosmidou et al 138 640 22 133 1.25[ 0.82, 1.89] 38.55
Mangner et al 3 114 0 182 — 10.86[ 0.57, 208.27] 0.76
Overall 9 1.05[ 0.81, 1.36]
Heterogeneity: 7= 0.00, I = 0.00%, H* = 1.00
Testof = @ Q(4) = 4.28, p = 0.37
Testof 6=0:2=0.36, p=0.72
1164 14 4
Random-effects REML model
(C) Stroke
VKAs DOACs Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
ENVISAGE-TAVI AF 35 678 29 684 —t— 1.21[ 0.75, 1.95] 10.03
Geis et al 2 170 5 149 — 0.36[ 0.07, 1.82] 0.88
Jochheim et al 13 623 10 316 —_— 0.67[ 0.30, 1.50] 3.51
Kosmidou et al 41 737 12 143 — 068[ 0.37, 1.27] 6.05
Mangner et al 4 111 4 178 ——Ft—— 158 040, 6.20] 1.24
OCEAN 3 173 3 224 — 129[ 0.26, 6.31] 0.92
Seeger et al 7 124 3 138 —t——251][ 0.66, 9.51] 1.31
Tanawuttiwat et al 2022 308 12,696 204 7,923 [ | 0.94[ 0.79, 1.12] 76.06
Overall ¢ 0.95[ 0.82, 1.11]
Heterogeneity: £ =0.00, I = 0.00%, H* = 1.00
Testof §= @ Q(7)=6.91, p=0.44
Test of 6=0:z =-0.67, p=0.51
18 12 8

Random-effects REML model

» Favours DOACs

Favours VKAs  «

(See caption on next page)
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Eight studies reported the occurrence of stroke in patients, and
pooled analysis showed no statistical difference between patients
with VKAs and patients with DOACs (RR: 0.95, 95% Cl: 0.82-1.11,
p =.51) (Figure 2C), and no statistical heterogeneity between studies
(I = 0.00%, p = .439). By excluding each study for sensitivity analysis,
the results remained stable.

3.3 | Safety endpoint

There was no significant difference in major and/or life-threatening
between the VKAs and DOACs groups (RR: 1.03, 95% Cl: 0.84-1.25,
p =.79) (Figure 3A), with mild statistical heterogeneity (1> =24.11%,
p =.469). After excluding each study, the results remained stable.

3.4 | Subgroup analysis

Due to moderate heterogeneity in the all-cause death analysis, a
subgroup analysis was performed. The 1- and 12-month subgroup of
patients with AF after TAVR showed no statistical difference in all-
cause mortality between patients using VKAs and DOACs. However,
follow-up over 12 months subgroup showed statistically significant
differences between the VKAs and DOACs groups, with patients in
the DOACs group having a significantly lower risk of all-cause
mortality (RR: 1.50, 95% Cl: 1.07-2.09, p =.001) (Figure 3B). There
was significant heterogeneity in the result (I = 60.72%, p = .05).

4 | DISCUSSION

Our study shows that anticoagulant therapy with DOACs lowers the
risk of all-cause death in patients with AF after TAVR compared with
VKAs. There was no significant difference between DOACs and
VKAs in cardiovascular death, stroke, and major and/or life-
threatening bleeding. Our results provide a new clinical idea for
choosing DOACs for patients with AF after TAVR.

The selection of antithrombotic strategies after TAVR is one of
the hotspots of current research. ESC/EACTS have jointly published
the 2021 ESC/EACTS Guidelines for the Management of Valvular
Heart Disease, which recommends that patients without oral antic-
oagulant indications after TAVR should be given lifelong single-drug
antiplatelet therapy, and patients with oral anticoagulant indications
should be given lifelong oral anticoagulant therapy.'® TAVR is mainly
applied to elderly high-risk patients, who are not only at high risk of

thrombosis but also at high risk of bleeding. The incidence of
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thrombosis and bleeding events is closely related to the prognosis,
and postoperative ischemic and hemorrhagic complications are very
common.®! Many patients have AF before TAVR, which may be
related to the cardiovascular pathophysiological conditions of elderly
patients, such as atrial fibrosis and left atrial diameter enlargement.*2
Meanwhile, new-onset AF after TAVR is also common, which may be
related to the operation itself. AF increases the risk of postoperative
cardiogenic embolic events and increases the incidence of cardiovas-
cular adverse events, cerebrovascular events, and mortality.33 In
addition, bleeding events are also important events that should be
widely concerned, which increases the difficulty of clinical antith-
rombotic therapy. Some risk factors, such as old age, frailty, falls,
kidney disease, liver disease, malignant tumors, coagulation disorders,
and antithrombotic therapy, may increase the risk of bleeding, which
affects the patient's prognosis.*

Our study found that DOACs reduced the risk of all-cause death
in patients with AF after TAVR. In addition, subgroup analysis based
on different follow-up times showed that patients with longer follow-
up times benefited more significantly. The biggest difference
between DOACs and VKAs is that DOACs can only inhibit one step
in the coagulation process, while VKAs can prohibit multiple steps.
Vitamin K is a cofactor of activation of coagulation factors i, vii, ix, x,
and VKAs can reduce the synthesis of vitamin K-dependent
coagulation factors.>®> The conditions under which VKAs are most
effective are harsh. A variety of foods, particularly vegetables, and
many drugs, such as inducers and inhibitors of hepatic P450
isoenzymes, may significantly alter the pharmacokinetics and
pharmacodynamics of VKAs, increasing or decreasing the antic-
oagulant activity of VKAs unpredictably.>*” In addition, the use of
VKAs requires frequent blood sampling to monitor INR, which poses
significant challenges to patient compliance.®® The limitations of
VKAs have also become the advantages of DOACs. The clinical trials
of DOACs published in the past mostly excluded patients with
valvular heart disease. Now, with the continuous maturity of TAVR
technology, the data are expanding, and some randomized controlled
trials of antithrombotic strategies after TAVR are also being
conducted, which will provide new evidence for our conclusion.

The choice of antithrombotic strategy after TAVR has been a
hotly debated issue in the field. A meta-analysis by Dr. Ueyama and
colleagues included five studies comparing the safety and efficacy of
DOACs versus VKAs in TAVR patients with an indication for
anticoagulation, and they found that the risk of all-cause mortality,
bleeding, and stroke was similar between DOACs and VKAs.3? With
the publication of RCT studies on antithrombotic strategies after
TAVR, most notably the ATLANTIS study and the ENVISAGE-TAVI
AF study, we have updated this topic. The ATLANTIS study

FIGURE 2

(A) Meta-analysis for the risk of all-cause death. (B) Meta-analysis for the risk of cardiovascular death. (C) Meta-analysis for the

risk of stroke. The size of the box is proportional to the weight of the study in the meta-analysis. ATLANTIS, Alteplase Thrombolysis for Acute
Noninterventional Therapy in Ischemic Stroke; Cl, confidence interval; DOACs, direct oral anticoagulants; ENVISAGE-TAVI AF, Edoxaban
Compared to Standard Care After Heart Valve Replacement Using a Catheter in Patients With Atrial Fibrillation; OCEAN, Olpasiran Trials of
Cardiovascular Events And LipoproteiN(a) Reduction; RR, risk ratio; VKAs, vitamin K antagonists.
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(A) Major and/or life-threatening

VKAs DOACs Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
ATLANTIS 26 202 23 200 1.11[ 0.65, 1.88] 11.07
Butt et al 28 488 11 208 1.08[ 0.55, 2.13] 7.36
Jochheim et al 146 490 69 257 1.08[ 0.84, 1.40] 27.93
ENVISAGE-TAVIAF 87 626 115 598 E B 0.76 [ 0.58, 0.98] 27.42
Kosmidou et al 43 735 8 147 i 1.07[ 0.51, 2.23] 6.43
Seeger et al 7 124 5 136 1.51[ 0.49, 463] 297
Geis et al 3 47 4 77 1.22[ 0.28, 5.20] 1.81
Mangner et al 19 97 25 157 il 1.19[ 0.69, 2.07] 10.46
OCEAN 11 165 8 219 ——a——— 1.77[ 0.73, 4.32] 457
Overall > 1.03[ 0.84, 1.25]
Heterogeneity: 7= 0.02, I =24.11%, H* = 1.32
Test of 8= @ Q(8) =7.64, p = 0.47
Test of 6=0:z=0.27,p=0.79
112 4
Random-effects REML model
(B) Subgroup analysis
VKAs DOACs Risk Ratio Weight
Study Yes No Yes No with 95% CI (%)
1 month
Jochheim et al 7 629 7 619 098 0.35, 2.79] 3.08
Mangner et al 4 113 1 181 6.22[ 0.70, 54.99] 0.82
Seeger et al 5 126 2 139 —_—t— 269[ 0.53, 13.63] 1.43
Heterogeneity: = 0.27, I’ = 29.69%, H* = 1.42 —l— 1.88[ 0.66, 5.32]
Testof = @ Q(2) =2.72,p=0.26
1 month-12 month
ATLANTIS 23 205 23 200 —— 0.98[ 0.57, 1.69] 7.46
Butt et al 54 462 15 204 +i— 1.53[ 0.88, 2.65] 7.43
Geis et al 11 161 12 142 T 0.82[ 0.37, 1.81] 4.71
Jochheim et al 70 566 47 279 0.76 [ 0.54, 1.08] 11.10
Mangner et al 16 101 16 166 -+ 1.56[ 0.81, 2.99] 6.07
Seeger et al 6 44 19 62 —B— 0.51[ 0.22, 1.19] 4.24
Tanawuttiwat et al 2,367 10,637 1,284 6,843 1.15[ 1.08, 1.23] 16.09
Heterogeneity: £ = 0.04, I* = 47.54%, H® = 1.91 r 1.03[ 0.82, 1.29]
Test of = @ Q(6) = 11.66, p = 0.07
> 12month
Butt et al 2021 113 403 30 189 - 160[ 1.10, 2.31] 10.58
Kalogeras et al 2019 16 86 13 102 —— 139[ 0.70, 2.74] 5.75
OCEAN 41 135 23 204 —— 230[ 1.44, 3.68] 8.69
ENVISAGE-TAVI AF 93 620 85 628 : 3 1.09[ 0.83, 1.44] 12.56
Heterogeneity: = 0.07, I* = 60.72%, H* = 2.55 <> 150[ 1.07, 2.09]
Testof §= @ Q(3) =7.84,p =0.05
Overall
Heterogeneity: 7 = 0.07, I = 63.36%, H* = 2.73
Test of §= @ Q(13) =26.98, p = 0.01
Test of group differences: Qy(2) =4.12, p=0.13
14 1 4 16
Random-effects REML model
Favours VKAs < »  Favours DOACs

FIGURE 3 (See caption on next page)
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FIGURE 3 (A) Meta-analysis for the risk of major and/or life-threatening. (B) Subgroup analysis based on follow-up time. The size of the box

is proportional to the weight of the study in the meta-analysis. ATLANTIS, Alteplase Thrombolysis for Acute Noninterventional Therapy in
Ischemic Stroke; Cl, confidence interval; DOACs, direct oral anticoagulants; ENVISAGE-TAVI AF, Edoxaban Compared to Standard Care After
Heart Valve Replacement Using a Catheter in Patients With Atrial Fibrillation; OCEAN, Olpasiran Trials of Cardiovascular Events And

LipoproteiN(a) Reduction; RR, risk ratio; VKAs, vitamin K antagonists.

investigated the feasibility of DOACs as an antithrombotic after
TAVR compared to standard regimens.!” The ATLANTIS study
showed that for all patients undergoing TAVR with or without an
indication for oral anticoagulation, the efficacy of apixaban after
TAVR was not superior to the current standard antithrombotic
regimen in terms of net clinical benefit. The ENVISAGE-TAVI AF
study was designed to investigate the efficacy of edoxaban in
patients with recurrent or new-onset AF after TAVR.'® The primary
endpoint event rate was not inferior to the VKAs group in the
edoxaban group, but the incidence of major bleeding was higher than
in the VKAs group, mainly due to more gastrointestinal bleeding in
the edoxaban group. Compared with the previous meta-analysis, we
concluded that anticoagulation with DOACs in patients with TAVR
combined with AF may be superior to VKAs, but we need more
evidence to prove our point in the future, and the quest for the best
antithrombotic treatment option after TAVR will continue.

Our meta-analysis has several limitations. First, our study
included two RCT, one CCT, and eight cohort studies. Although we
adopted some quality evaluation methods, bias will inevitably occur,
and more RCTs will be needed in the future to verify our conclusions.
Second, some studies used antiplatelet drugs combined with antic-
oagulant therapy, while others did not. Due to limited data, we did
not conduct a separate subgroup analysis. Also, we did not conduct a
subgroup analysis of the patient population, so the heterogeneity of
the patient population should be considered when interpreting the
study results. Finally, due to the lack of data, we did not conduct a
subgroup analysis of the types of DOACs and could not evaluate the
individual category effect of each DOAC.

5 | CONCLUSION

For patients with AF after TAVR, the use of DOACs may be superior
to VKAs, and the benefit may be greater with longer follow-up. The
anticoagulant strategy for AF after TAVR is a valuable direction for
future research.
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